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A SWINE HEPATITIS E VIRUS 
AND USES THEREOF 

FIELD OF THE INVENTION 

Hepatitis E occurs predominantly in developing 
countries of Asia and Africa but has also been the cause 
of epidemics in Mexico (1) . The disease generally affects 
young adults and has a very high mortality rate, up to 
20%, in pregnant women (1-4) . Hepatitis E has rarely been 
reported in developed countries, and most of those cases 
have been imported (1, 4-6) . The causative agent, 
hepatitis E virus (HEV) , is transmitted primarily by the 
fecal-oral route, often through contaminated water (1, 4). 
The availability of sensitive serological tests for HEV 
has permitted detailed assessment of the prevalence of HEV 
infection (7-8). In regions where HEV is endemic, anti-HEV 
antibodies have been detected in sera from convalescent 
individuals as well as from the general population (1, 3). 
Although hepatitis E is not endemic in the United States 
and other developed countries, anti-HEV was found in a 
significant proportion, up to 28% in some areas, of 
healthy individuals in these countries (7, 9). It is 
unclear if the anti-HEV detected in developed countries 
demonstrates infection with a non-pathogenic HEV strain or 
cross- reactivity with a related agent. 

It has been reported that anti-HEV is acquired 
naturally in primates and swine (1, 10), suggesting that 
these species have been exposed to HEV or a related agent, 
and that hepatitis E may be a zoonotic disease. The role 
of swine in HEV transmission is not clear although 
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domestic swine have been reported to be susceptible to 
infection with a human HEV strain (11) . It would be 
advantageous to have an animal strain of HEV that could be 
studied in animals but would sufficiently resemble the 
5 human virus as to make the results of studies with the 

animal virus applicable to the human disease. It would be 
particularly advantageous to have an animal virus that 
could be useful in preparing vaccines and other 
medicaments for treatment of animals, especially humans. 

10 BACKGROUND OF THE INVENTION 

It has been reported that domestic swine can be 
experimentally infected with HEV (11) , although this 
infection appears more severe in swine than in non-human 
primates. In our own examination, swine inoculated with 

15 human HEV remained clinically normal and we detected no 
antibody response to HEV. While it has been suggested 
that human feces from infected individuals are the primary 
source of infection for hepatitis E in humans, swine have 
been suggested as a possible animal reservoir and natural 

20 host for the virus. For example, in some geographical 

areas the prevalence of anti-HEV in swine is even higher 
than that found in humans and swine have been suggested as 
a possible year round reservoir for HEV (10) . However, 
the occurrence of IgG anti-HEV in swine does not 

25 necessarily mean that HEV infection has occurred. 

Hepatitis E is not endemic in the United States and yet 
our own studies have indicated that the majority of swine 
2 to 3 months of age in the midwestern United States have 
IgG anti-HEV. In addition, IgG anti-HEV is also found in 

3 0 a significant proportion of healthy humans in countries, 
including the United States, where hepatitis E is not 
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endemic (7) . Such data indicated to us that an agent' or 
agents other than human HEV, but ant igenically closely 
related to human HEV, exists within the swine population. 
The antibody induced by this putative agent has been shown 
5 to cross-react with a human HEV antigen used in 

serological testing. Such findings mean that. caution must 
be used in interpreting serological data, especially from 
non-endemic regions. Identification of such a putative 
agent would, of course, be highly advantageous in order to 

10 develop more specific serological tests for HEV infection. 
The detection and isolation of such a virus from swine 
would also be desirable in determining the possible 
existence of an animal reservoir for HEV. In addition, 
such a virus, if capable of infecting swine but not 

15 causing illness, might be well suited for use as a vaccine 
or therapeutic agent for use in vaccinating and treating 
mammals, especially humans. Thus, such a virus could well 
serve as an attenuated live virus vaccine strain. 

BRIEF SUMMARY OF THE INVENTION 

20 The present invention is directed to a novel 

swine hepatitis E virus (swine HEV) strain in isolated 
form and with sufficient nucleotide sequence homology in 
its genome, and sufficient amino acid sequence homology in 
its capsid protein, both relative to human HEV, as to be 

25 highly useful in the evaluation of potential human 

infection by endogenous swine sources, including potential 
infection resulting from xenotransplantation, especially 
transplanting of swine organs and tissues into humans. 

The swine hepatitis E virus of the present 
30 invention is also useful as a vaccine for vaccination of 
animals, preferably mammals, and most preferably humans, 
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against infection by other strains of hepatitis E virus. 
The swine HEV of the present invention would, for example, 
be especially useful as a vaccine for use in humans to 
prevent possible infection by human hepatitis E virus (or 
5 HEV) . The swine HEV of the present invention accomplishes 
this by providing only a subclinical infection on its own 
and thereby immunizing the subject animal, for example, a 
human, in, for example, a manner similar to that 
accomplished by cowpox virus in immunizing against 
10 smallpox. 

The present invention also relates to use of a 
novel swine HEV as a therapeutic treatment for infection 
by other strains of HEV by injection of the virus of the 
invention to bolster the immune response of an infected 
15 animal while providing only a subclinical infection on its 
own . 

The swine HEV of the present invention is also 
highly useful in the generation of both polyclonal and 
monoclonal antibodies which themselves find use as 
20 therapeutic agents for treatment of animals, especially 
mammals, and most especially humans, in need thereof. 

The antibodies produced in response to the swine 
HEV of the present invention also find use in the 
development of in vitro diagnostic protocols for early 
25 detection of HEV infection in animals, especially mammals, 
and most especially humans. 

The swine HEV of the present invention is 
particularly advantageous for use in the development of 
prophylactic, therapeutic and diagnostic agents for the 
30 prevention, treatment and detection of human HEV because 
it is not a human virus and thus can be handled both 
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experimentally and clinically without fear of severe 
infection and/or contamination. 

SPF swine were experimentally infected with the 
swine HEV of the present invention. Therefore, infection 
5 of swine with the swine HEV can provide an appropriate 
animal model for human HEV experiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 . This figure shows seroconversion of 3 
representative piglets to anti-HEV by plotting age 

10 (abscissa) in weeks versus the absorbance (or OD) of serum 
for igG (left ordinate) and IgM (right ordinate) ; (A) a 
piglet born to a seropositive sow with a high titer of IgG 
anti-HEV; (B) a piglet born to a seropositive sow with a 
lower titer of IgG anti-HEV; (C) a piglet born to a 

15 seronegative sow. The ELISA- absorbance value of IgG anti- 
HEV in breeder sows is shown at (S) . 

Figure 2 . Amplification of swine HEV-specific 
fragment by RT-PCR. Serum samples from 2 piglets (#4 and 
#14) obtained 1 week before (-1) and the week of (0) 
20 seroconversion were used for RT-PCR of a 344 bp fragment. 
Serum samples obtained at the same time (weeks 19 and 20) 
after birth from a seronegative piglet (#15) were also 
included. "L" represents the molecular weight markers. 

Figure 3 . Alignment of amino acid sequences of 
25 Open Reading Frames 2 (orf 2) (at A) and orf 3 (at B) of 
swine HEV with human strains of HEV. The sequence of the 
Sar55 strain is shown at the top, and only differences 
between them are indicated. Deletions are indicated by 
(-). The putative hypervariable region (HVR) in the 0RF3 
30 is indicated by asterisks (*) . The sequences used in this 
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alignment were Burma (14), Mexico (15) NE8L (Myanmar; 16), 
Hyderabad (India, 17), Madras (India, GenBank Accession 
No. 99441), HEV037 (isolate from a case of fulminant 
hepatitis, GenBank Accession No. X98292) , Sar55 (Pakistan, 
5 18) , KS2-87 (China, 19) , Hetian (China, GenBank Accession 
No. L08816) , Uighl79 (China, 20). 

Figure 4 . Phylogenetic tree based on the 
complete nucleotide sequences of ORFs2 and 3. The tree 
was constructed by maximum parsimony methods with the aid 
10 of PAUP software package version 3.1.1. The tree with the 
shortest length (most parsimonious) was found by 
implementing the bootstrap (1000 replicas) using the 
branch-and-bound search option. The branch lengths 
(number given above each branch) are indicated. 

15 Figure 5 . Experimental infection of specific- 

pathogen- free swine with the swine HEV . The IgG anti-HEV 
response is plotted. Viremia was measured by RT-PCR as 
indicated along the top. 

Figures 6A-6J show the nucleotide (Figs. 6A- 
20 6C)and deduced amino acid sequences (Figs. 6D-6J; cf the 
0RF1 of the swine HEV. 

Figures 7A-7D show the complete genomic sequence 
of the swine HEV. 

Figure 8 . Amplification of the complete genome 
25 of swine HEV. (A) The genomic organization of HEV and its 
putative functional domains are shown beneath the 
nucleotide scale bar (in Kb) . The relative positions of 
the PCR fragments are indicated by bars. (B) 
Oligonucleotide primers used to amplify each fragment are 
3 0 indicated. Both the first round PCR primers and the 
second round nested PCR primers (italics) are shown. 
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Degenerate bases are shown in parentheses. Mt, 
methyltransf erase; Y, Y domain; P, cysteine - like protease; 
Pro, proline -rich "hinge" region; X, X domain; Hel, 
helicase; RDRP, RNA-directed RNA polymerase. 

5 DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to novel and 
useful hepatitis E virus strains from swine and naturally 
occurring mutants thereof. 

As shown a long time ago with smallpox virus, it 
10 is highly advantageous to have available an attenuated 
virus, such as cowpox, to use for vaccination purposes. 
Such relatively innocuous virus particles, which can 
cross-react with antibodies against the more deadly 
organisms, can often be used to produce a highly effective 
15 vaccine to immunize at-risk animals, especially humans, 
against infection with otherwise extremely virulent 
microbes. In the same way, it would behighly advantageous 
to have a similar attenuated type of vaccine to use in 
immunization programs against hepatitis E virus. It is an 
20 object of this invention to provide such a vaccine. 

In accordance with the present invention, a 
swine hepatitis E virus has been identified and shown to 
be similar in its characteristic properties to human 
hepatitis E virus. The virus of the present invention has 

25 been shown to be similar to the human virus by 

demonstrating seroconversion of pigs to anti-HEV, sequence 
similarity between the virus of the invention and human 
strains of HEV, viremia just prior to seroconversion, and 
histologic evidence of hepatitis infection in naturally- 

30 infected pigs. The swine-HEV cross-reacted with human HEV 
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capsid antigen, and the infected piglets showed 
microscopic evidence of hepatitis during the acute stage 
of the infection. 

The high prevalence of anti-HEV in commercial 
swine herds suggest that swine HEV is widespread in the 
general swine population. However, our results showed that 
naturally infected young pigs did not display clinical 
symptoms despite microscopic evidence of hepatitis. This 
suggests that swine HEV causes only subclinical infection 
in young pigs, a situation reminiscent of hepatitis A 
virus (HAV) in humans (21) . Children infected with HAV are 
often asymptomatic, but most adults infected show typical 
clinical symptoms ( 21 ) . It is difficult to evaluate che 
outcome of natural swine HEV infection in adult pigs since 
virtually all swine at least 3 months of age had IgG anti- 
HEV. Experimental infection of adult SPF swine with swine 
HEV will likely be necessary to answer this question. 

The amino acid differences between swine and 
human HEV in the putative capsid gene are less than 10%. 
However, the high degree of amino acid sequence 
conservation in the capsid gene among human strains of HEV 
could indicate a functional significance for the 
differences between swine and human HEV. For example, in 
some cases only a few changes, or even a single change, in 
amino acid units of a structural protein have dramatically 
altered viral tropism and pathogenicity (22, 23). Of 
course, it is not clear whether swine HEV evolved into 
human HEV, or vice versa, or whether they diverged from a 
common ancestor. Regardless of lineage, the possibility 
that swine HEV could infect humans raises a potential 
public health concern for zoonosis or xenozoonosis, 
especially since xenotransplantation of pig organs has 
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been suggested as a solution to the solid organ donor 
shortage for transplantations. Thus, xenozoonoses, the 
inadvertent transmission of pathogens from animal organs 
to human recipients, is of major concern (24). Viruses 
5 pathogenic for pigs might pose a risk to humans. However, 
nonpathogenic pig viruses may also become pathogenic for 
humans after xenotransplantation, as a result of species- 
jumping, recombination or adaptation in immunocompromised 
xenotransplantation recipients (24). Furthermore, pigs 
10 recovered from swine HEV infection might have a damaged 
liver (or other organ) which would limit usefulness for 
xenotransplantation . 

Because of these and other potential public 
health concerns, it would be highly advantageous to have a 

15 swine HEV that is sufficiently closely related to human 
HEV as to allow evaluation as a potential source of 
infection in humans. In accordance with the present 
invention, such a swine HEV has been isolated and shown to 
have substantial nucleotide sequence homology with the 

20 human hepatitis E virus. Also in accordance with the 

present invention, the entire open reading frames (ORF) 2 
and 3 were amplified by RT-PCR from sera of naturally- 
infected pigs. The putative capsid gene (0RF2) of swine 
HEV shares about 79% to about 30% sequence identity at the 

25 nucleotide level and about 90% to about 92% identity at 
the amino acid level related to human HEV strains. The 
small ORF3 of swine HEV had about 83% to about 85% 
nucleotide sequence identity and about 77% to about 82% 
amino acid identity with human HEV strains. The putative 

30 nonstructural proteins of ORF1 of swine HEV share about 
98% amino acid identity with the U.S. human isolates of 
HEV but only about 80-81% identity with HEV strains from 
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Asia and Mexico. Phylogenetic analyses showed that swine 
- HEV is closely related to, but distinct from, human HEV 
strains . 

The availability of an HEV capable of infecting 
5 both humans and animals with a subclinical hepatitis 
infection would be highly advantageous if used 
prophylactically, in the form of a vaccine, or 
therapeutically, as an inoculum to treat early-stage 
infections. When the present invention is used 

10 prophylactically, the agents are provided in advance of 

any symptom. This prophylactic use of the swine HEV serves 
to prevent or ameliorate any subsequent infection. When 
used therapeutically, the swine HEV of the present 
invention is provided at (or shortly after) the onset of 

15 any symptoms of infection. The swine HEV of the present 
invention can therefore be provided either before any 
anticipated exposure to hepatitis E virus (either swine or 
human) , so as to ameliorate the anticipated severity, 
duration or extent of any subsequent infection or disease 

20 conditions, or after the onset of infection and disease. 

When the swine HEV of the present invention is 
used as a vaccine, said vaccine comprises a pharmaceutical 
composition containing a sufficient number of viral 
particles, or recombinant proteins, to elicit a 

25 prophylactically effective immune response in the organism 
to be vaccinated, said amount also depending on the route 
of administration. The vaccine according to the present 
invention can thus be administered by oral, subcutaneous, 
intravenous, intramuscular or intraperitoneal routes. One 

30 skilled in the art will certainly appreciate that the 

amounts to be administered for any particular treatment 
protocol can be readily determined without undue 
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experimentation. Suitable amounts might be expected to 
fall within the range of about 2 /ig of viral protein per 
kg of body weight to about 100 fig viral protein per kg of 
body weight. Of course, the actual amounts will vary 
5 depending on the route of administration as well as the 

sex, age, and clinical status of the subject which, in the 
case of human patients, is to be determined within the 
sound judgment of the clinician. 

The vaccine of the present invention may be 

10 employed Tn such forms as capsules, liquid solutions, 

suspensions or elixirs for oral administration, or sterile 
liquid forms such as solutions or suspensions. Any inert 
carrier is preferably used, such as saline, phosphate- 
buffered saline, or any such carrier in which the swine-— 

15 HEV of the present invention can be suitably suspended. 
The vaccines may be in the form of single dose 
preparations or in multi-dose flasks which can be utilized 
for mass-vaccination programs of both animals and humans. 
For purposes of using the swine HEV of the present 

20 invention as a vaccine, reference is made to Remington's 

Pharmaceutical Sciences , Mack Publishing Co., Eastori, Pa., 
Osol (Ed.) (1980); and New Trends and Developments in 
Vaccines, Voller et al (Eds.), University Park Press, 
Baltimore, Md. (1978) , both of which provide much useful 

25 information for preparing and using vaccines. Of course, 
the swine HEV, when used as a vaccine, can include, as 
part of the composition or emulsion, a suitable adjuvant, 
such as alum (or aluminum hydroxide) when humans are to be 
vaccinated, to further stimulate production of antibodies 

30 by immune cells. 

When the swine HEV of the present invention is 
used as a vaccine, the virus itself may be live, killed, 
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or live but attenuated. However, with a swine HEV 
producing only subclinical symptoms in swine and in other 
animals, especially humans, further attenuation may not be 
necessary. 

5 When the swine HEV of the present invention is 

used as a vaccine or inoculum, it will normally exist as a 
physically discrete unit suitable as a unitary dosage for 
animals, especially mammals, and most especially humans, 
wherein each unit will contain a predetermined quantity of 

10 active viral material calculated to produce the desired 
immunogenic effect in association with the required 
diluent. The dose of said vaccine or inoculum according 
to the present invention is administered at least once. 
In order to increase the antibody level, a second or 

15 booster dose may be administered at some time after the 
initial dose. The need for, and timing of, such booster 
dose will, of course, be determined within the sound 
judgment of the administrator of such vaccine or inoculum 
and according to sound principles well known in the art. 

20 For example, such booster dose could reasonably be 

expected to be advantageous at some time between about 2 
weeks to about 6 weeks following the initial vaccination. 
Subsequent doses may be administered as indicated. 

The swine HEV of the present invention can also 
25 be administered for purposes of therapy, where an animal, 
especially a mammal, and most especially a human, is 
already infected, as shown by well known diagnostic 
measures. When the swine HEV of the present invention is 
used for such therapeutic purposes, much of the same 
30 criteria will apply as when it is used as a vaccine, 

except that inoculation will occur post - infect ion . Thus, 
when the swine HEV of the present invention is used as a 
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therapeutic agent in the treatment of infection said 
therapeutic agent comprises a pharmaceutical composition 
containing a sufficient number of viral particles to 
elicit a therapeutically effective response in the 
5 organism to be treated, said amount also depending on the 
route of administration. The therapeutic agent according 
to the present invention can thus be administered by oral, 
subcutaneous, intravenous, intramuscular or 
intraperitoneal routes, with oral or intravenous routes 

10 being preferred. One skilled in the art will certainly 
appreciate that the amounts to be administered for any 
particular treatment protocol can be readily determined 
without undue experimentation. Suitable amounts might be 
expected to fall within the range of about 2 /ig of viral 

15 protein per kg of body weight to about 100 /ig viral 

protein per kg of body weight. Of course, the actual 
amounts will vary depending on the route of administration 
as well as the sex, age, and clinical status of the 
subject which, in the case of human patients, is to be 

20 determined within the sound judgment of the clinician. 

The therapeutic agent of the present invention 
can be employed in such forms as capsules, liquid 
solutions, suspensions or elixirs for oral administration, 
or sterile liquid forms such as solutions or suspensions. 

25 Any inert carrier is preferably used, such as saline, 

phosphate-buffered saline, or any such carrier in which 
the swine HEV of the present invention can be suitably 
suspended. The therapeutic agents may be in the form of 
single dose preparations or in the multi-dose flasks which 

30 can be utilized for mass- treatment programs of both 

animals and humans. Of course, when the swine HEV of the 
present invention is used as a therapeutic agent it may be 
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administered as a single dose or as a series of doses, 
depending on the situation as determined by the person 
conducting the treatment. 

The swine HEV of the present invention can also 
5 be utilized in the production of antibodies against HEV. 
The term "antibody" is herein used to refer to - 
immunoglobulin molecules and immunologically active 
portions of immunoglobulin molecules. Examples of antibody 
molecules are intact immunoglobulin molecules, 
10 substantially intact immunoglobulin molecules and portions 
of an immunoglobulin molecule, including those portions 
known in the art as Fab, F(ab') 2 and F(v) as well as 
chimeric antibody molecules. 

The swine HEV of the present invention can be 
15 used in the generation of antibodies that immunoreact 

(i.e., specific binding between an antigenic determinant- 
containing molecule and a molecule containing an antibody 
combining site such as a whole antibody molecule or an 
active portion thereof) with antigenic determinants on the 
20 surface of hepatitis E virus particles that commonly 

infect non-swine species, especially humans. Thus, the 
observed cross-reaction between the swine HEV of the 
present invention and antibodies against human HEV "'make 
the swine HEV useful in generation of antibodies against 
25 human HEV, thus facilitating the use of the swine HEV as a 
vaccine for humans. 

The present invention also relates to antibodies 
produced following immunization with the swine HEV 
according to the present invention. These antibodies are 
30 typically produced by immunizing a mammal with an 

immunogen or vaccine comprising the swine HEV of the 
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present invention to induce, in said mammal, antibody 
molecules having immunospecif icity for the swine HEV. When 
used in generating such antibodies, the swine HEV of the 
present invention may be linked to some type of carrier 
5 molecule. The resulting antibody molecules are then 
collected from said mammal. 

The antibody molecules of the present invention 
may be polyclonal or monoclonal . Monoclonal antibodies are 
readily produced by methods well known in the art. 
10 Portions of immunoglobulin molecules, such as Fabs, as 
well as chimeric antibodies may also be produced by 
methods well known to those of ordinary skill in the art 
of generating such antibodies and requires no specific 
elucidation herein . 

15 The antibody according to the present invention 

may be contained in blood plasma, serum, hybridoma 
supernatants , and the like. Alternatively, the antibody 
of the present invention is isolated to the extent desired 
by well known techniques such as, for example, using DEAE 

20 Sephadex. The antibodies produced according to the present 
invention may be further purified so as to obtain specific 
classes or subclasses of antibody such as IgM, IgG, IgA, 
and the like. Antibodies of the IgG class are preferred 
for purposes of passive protection. 

25 The antibodies of the present invention are 

useful in the prevention and treatment of diseases caused 
by hepatitis E virus in animals, especially mammals, and 
most especially humans. 

In providing the antibodies of the present 
30 invention to a recipient mammal, preferably a human, the 
dosage of administered antibodies will vary depending on 
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such factors as the mammal's age, weight, height, sex, 
general medical condition, previous medical history, and 
the like. 

In general, it will be advantageous to provide 
5 the recipient mammal with a dosage of antibodies in the 

range of from about 1 mg/kg body weight to about 10 mg/kg 
body weight of the mammal, although a lower or higher dose 
may be administered if found desirable. Such antibodies 
will normally be administered by intravenous route as an 
10 inoculum. The antibodies of the present invention are 
intended to be provided to the recipient subject in an 
amount sufficient to prevent, lessen or attenuate the 
severity, extent or duration of any existing infection. 

The antibodies prepared by use of the swine HEV 
15 of the present invention are also highly useful for 

diagnostic purposes. The antibodies can be used as in 
vitro diagnostic agents to test for the presence of virus 
in biological samples taken from animals, especially swine 
and humans. Such assays include, but are not limited to, 
20 radioimmunoassays, EIA, fluorescence, Western blot 
analysis and the like. In one such embodiment, the 
biological sample is contacted with antibodies cf the 
present invention and a labeled second antibody is used to 
detect the presence of HEV to which the antibodies are 
25 bound. 

Such assays may be, for example, of direct 
protocol (where the labeled first antibody is 
immunoreactive with the antigen, such as, for example, a 
protein on the surface of the virus) , an indirect protocol 
30 (where a labeled second antibody is reactive with the 
first antibody) , a competitive protocol (such as would 
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involve the addition of a labeled antigen) , or a sandwich 
protocol (where both labeled and unlabeled antibody are 
used) , as well as other protocols well known and described 
in the art . 

5 In one embodiment, an immunoassay method would 

utilize an antibody specific for a substance comprising 
HEV surface antigen (HCSA) determinants and would further 
comprise the steps of contacting a test sample containing 
said test substance containing the HESA determinants with 
10 the HEV-specific antibody and then detecting the presence 
of HEV material in the test substance using one of the 
types of assay protocols as described above. 

Recombinant proteins and antibodies produced 
according to the present invention may also be supplied in 

15 the form of a kit, either present in vials as purified 
material, or present in compositions and suspended in 
suitable diluents as previously described^ In a 
preferred embodiment, such a diagnostic test kit for 
detection of HEV antigens in a test sample comprises in 

20 combination a series of containers, each container a 

reagent needed" for such assay. Thus, one such container 
would contain a specific amount of HEV-specific antibody 
as already described, a second container would contain a 
diluent for suspension of the sample to be tested, a third 

25 container would contain a positive control and an 

additional container would contain a negative control. An 
additional container could contain a blank. 

Because the Open Reading Frame (ORF2) that codes 
for a putative capsid protein has been cloned in vitro it 
30 can be used to prepare recombinant proteins that 
themselves are available for use as vaccines and 
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therapeutic agents. In accordance with the present 
invention, said capsid protein antigen has been prepared. 
A similar approach is advantageous with respect to ORFs 1 
and 3 and their protein products. Since such recombinant 
proteins also represent antigenic determinants on the 
virus, and presumably are responsible for the 
immunogenicity of the particles of the swine hepatitis E 
virus of the present invention, such recombinant proteins 
can also be used to generate antibodies useful as 
therapeutic agents in the treatment of hepatitis E in 
animals, especially humans. Such antibodies can also be 
used in protocols for in vitro assays for detection of 
hepatitis E virus in an animal, especially a human, 
suspected of being infected therewith. 

Because the swine HEV can be used to infect 
cells in culture, the present invention also relates to a 
method for determining the susceptibility of cells in 
vitro to support HEV infection. This would permit 
determination of the susceptibility of cells from various 
organs, for example, of the pig, to determine their 
potential use for possible transplantation into other 
animals, especially humans. Cells from organs susceptible 
to such infection might be questionable candidates for 
eventual transplantation. In one such embodiment, the 
method would comprise the growing of animal cells, 
especially swine cells, in vitro and exposing said cells 
to the swine HEV of the present invention, then 
determining if the cells show indicia of HEV replication. 
Such indicia would include the detection of viral antigens 
in the cell, for example, by immunof luorescent procedures 
well known in the art. Such viral proteins would also be 
detected by Western blotting using antibodies specific 
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therefor. Such indicia would also include the successful 
extraction of newly transcribed viral DNA within the 
cells. The presence of live, infectious virus particles 
following such test could also be shown by injection of 
cell. culture medium into healthy animals, with subsequent 
exhibition of the symptoms of HCV infection. Such testing 
could also be carried out with cells from tissues of other 
species to determine their susceptibility to infection by 
the swine HEV of the present invention, relying on the 
same criteria to show viral replication. 

It is known that swine show antibodies to HEV 
and have been suggested as a possible animal reservoir for 
this virus. In addition, IgG anti-HEV is also found in a 
significant proportion of otherwise healthy humans from 
different areas. Since the causative agent is still 
unclear, it would be highly advantageous to determine if 
the antibodies found in an animal, especially a human, are 
the result of human HEV or perhaps a swine HEV or ether 
animal. It is thus an object of the present invention to 
provide a method for differential diagnosis of HEV 
antibodies in animals, especially in humans, to determine 
the likely causative agent thereof and thus the presence 
of possible subclinical infections that can serve as a 
source of the disease. Armed with the virus of the present 
invention many protocols for such diagnoses will no doubt 
suggest themselves to those of skill in the art. 

In one embodiment of the present invention a 
tissue sample from an animal, perhaps one suspected of 
harboring an infection of HEV, will be obtained and then 
treated with antibodies specific for either human HEV 
antigenic determinants or the swine HEV antigenic 
determinants, such as an antibody of the present 



WO 99/04029 



PCT/US98/14665 



invention. The formation and detection of a complex 
between the substance in the sample that possesses such 
determinants and the antibodies specific for the virus 
will indicate the presence of viral determinants. By 
5 titering the different antibodies to determine their 

relative occurrence, it is then possible to determine if 
the source of the antigen is of human or swine, or other 
animal, origin. Such differential diagnosis can be carried 
out on any animal, especially primates and other mammals, 
10 and most especially humans. The sample to be tested can, 
of course, be any tissue excised from said animal, 
especially blood and other fluids. 

Today there is a great thrust toward the use of 
animal organs for transplantation into other animals, 

15 especially into humans, with pigs as a suggested arid 

useful donor organism. Before such programs can continue, 
or even begin, it would be highly advantageous to 
determine if any infectious agents exist, in the donor 
animal and, if so, whether such organisms can infect the 

20 donee, especially humans. Because IgG anti-HEV is found in 
swine and the swine HEV of the present invention has been - 
recovered from pigs and has great similarity to the human 
HEV, it is a potentially infectious agent in humans. It is 
thus an object of the present invention to utilize the 

25 swine HEV as a test organism for the assessment of risk 
factors in such xenotransplantation between the pig, as 
donor, and other animals, especially humans. 

Various protocols to test transplantable organs 
and tissues for such potentially infectious agents will, 
30 of course, suggest themselves to those of skill in the 
art. In one such embodiment of the present invention, a 
biological sample of a tissue, for example, from a pig to 

. " i 
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be used as a donor organism, will be obtained prior to any 
transplantation and such sample is then tested for the 
presence of swine HEV . Such tissues for transplantation 
may include liver, heart and kidneys, but are by no means 
5 limited to these. The testing of such tissue for the 

presence of swine HEV can be accomplished by a number of 
procedures already disclosed herein and using methods well 
known in the art. For example, a candidate tissue can be 
examined using antibodies tagged with a label, such as an 

10 immunof luorescent label, to determine the presence or 

absence of swine HEV antigenic determinants therein, with 
complex formation (a positive reaction) indicating the 
presence of viral contamination. In addition, DNA 
extracted from cells of the candidate tissue can be 

15 amplified by RT-PCR (reverse transcriptase-polymerase 
chain reaction) and tested for hybridization therewith 
using nucleic acid probes, especially chemically or 
radioactively labeled probes, no determine the presence or 
absence of sequences unique to the swine HEV genome where 

20 hybridization indicates the presence of viral 
contamination . 

For all prophylactic, therapeutic and diagnostic 
uses, the swine HEV of the present invention, alone or 
linked to some carrier, as well as antibodies and other 
25 reagents, plus appropriate devices and accessories, may be 
provided in the form of a kit so as to facilitate ready 
availability and ease of use. 

MATERIALS AND METHODS 

Serum samples. Serum samples were obtained from 
3 0 swine of various ages in 15 commercial herds and one 

specific-pathogen-free (SPF) herd in the midwestern United 
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States . 

Table I. IgG anti-HEV prevalence in swine from commercial herds in the United States. 

No~o7 No. of 

Herd Age swine swine with 

tested anti-HEV(%) 



A 


6 wk 




8 


0(0) 




12 wk 




8 


0(0) 




20 wk 




8 


8(100) 




26 wk 




8 


5(63) 




Adult 




25 


14(56) 


B 


3-4 wk 




8 


0(0) 




5-6 wk 




8 


0(0) 




7-8 wk 




,8 


0(0) 




13 wk 




12 


10(83) 




6 mo 




8 


8(100) 




Adult 




17 


16(94) 


C 


2 mo 




8 


1(13) 




3 mo 




8 


8(100) 




4 mo 




8 


4(50) 




5 mo 




8 


8(100) 




Adult 




8 


8(100) 


D 


2 mo 




10 


2(20) 


E 


6 mo 




10 


10(10.0) - 


F 


6 mo 




10 


10(100) 


G 


6 mo 




10 


10(100) 


H 


8 mo 




10 


10(100) 


I 


>l yr 




10 


10(100) 


J 


1-2 yr 




10 


10(100) 


K 


1-3 yr 




10 


10(100) 


L 


2yr 




10 


10(100) 


M 


2-3 yr 




10 


10(100) 


N 


Adult 




19 


15(79) 


O 


Adult 




6 


5(83) 


P* 


Adult 




10 


0(0) 



*Specif ic-pathogen-f ree (SPF) swine herd. 
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Preparation of HEV putative capsid antigen. 

Insect cells were infected with recombinant baculovirus 
containing the putative capsid gene (ORF2) sequence of a 
5 Pakistani strain of HEV, SAR55 (8) . A 55 kD recombinant 
protein expressed from a recombinant baculovirus 
containing ORF2 was purified from insect cells (8) and 
used for the standard ELISA. The ORF2 recombinant protein 
was further purified by high pressure liquid 
10 chromatography (HPLC) . 

Generation of hyperimmune swine antibody to HEV. 

Two SPF swine, 3 weeks old, were immunized intramuscularly 
with 50 ng of HPLC-purif ied ORF2 recombinant protein mixed 
with Freund 1 s incomplete adjuvant. Rooster immunizations 
15 were given at 2 and 4 weeks after the first immunization. 
Sera obtained before immunization and weekly for 9 weeks 
after immunization were used to develop an ELISA (see 
below) . 

ELISA for anti-HEV in swine. The standard ELISA 
20 for anti-HEV in swine was performed essentially as 

described for anti-HEV in chimpanzees (8, 12), except that 
the secondary antibody was replaced with peroxidase - 
labeled goat anti-swine IgG (KPL, Gaithersburg, MD) . All 
of the swine serum samples were tested in duplicate. 
2 5 Preimmune and hyperimmune anti-HEV positive swine sera 
were included as negative and positive controls, 
respectively . 

Blocking ELISA was used to confirm the results 
of the standard ELISA on selected anti-HEV positive and 
30 negative serum samples. The blocking ELISA for anti-HEV in 
swine was performed essentially as described (13) except 
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that the competing sera were from swine. The ORF2 protein 
of strain SAR55 was used for affinity purification of 
anti-HEV from convalescent serum of a chimpanzee exposed 
twice to HEV (8) . The affinity-purified chimpanzee anti- 
5 HEV was conjugated with horseradish peroxidase by a custom 
service (ViroStat, Portland, ME), and used for the 
blocking EL ISA (13). A serum sample was considered 
positive in the blocking ELISA if the CD value was reduced 
by >50% compared to the unblocked sample. 

10 Prospective study. Twenty-one sows from a 

commercial herd were tested for IgG anti-HEV. 
Subsequently, twenty piglets (10 male and 10 female) were 
chosen from those born to seronegative sows (6 piglets) 
and to seropositive sows with a lower titer (6 piglets) or 

15 higher titer (8 piglets) of IgG anti-HEV. These 20 study 
piglets were tagged and mixed with other piglets from 
approximately 50 sows in the herd, and were commingled in 
two rooms in a nursery building. Piglets within a room 
were separated into pens by fences which allowed for nose- 

20 to-nose contacts. By the age of about 10 weeks, all 

piglets in the nursery building were moved to a finishing 
building that had been previously emptied and disinfected. 

Blood samples and nasal and rectal swabs from 
the 20 study piglets were collected in alternate weeks 

25 from 2 weeks onward, and weekly after 14 weeks of age. 
The serum samples were tested for anti-HEV, and four 
piglets with an increasing ELISA OD value were sacrificed. 
Samples of 19 different tissues and organs were collected 
during necropsy, fixed in 10% neutral buffered formalin 

30 and processed for routine histologic examination. 

Degenerate primers for reverse transcription- 
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polymerase chain reaction (RT-PCR) • The sequences of ten 
human HEV strains were aligned with a GeneWorks program 
(IntelliGenetics, Inc., Mountain View, CA) . Based on this 
alignment, two sets of degenerate primers were designed 
5 and synthesized to amplify two different regions of the 
capsid gene. The primer positions indicated below are 
relative to the published sequence of a Burmese HEV strain 
(14). Set one primers: external 3156 (forward, position 
5687-5708, 5 ' - AAT ( C ) TATGCC ( A) AGTACCGGGTTG - 3 ' ) and 3157 
10 (reverse, ^position 6395-6417, 5'- 

CCCTTATCCTGCTGAGCATTCTC3 1 ) , and ternal 3158 (forward, 
position 5972-5993 , 5 ' -GTT (C) ATGC (T) TT(C) TGCATACATGGCT- 3 ' ) 
.and 3159 (reverse, position 6297-6319.. 5'- 

AGCCGACGAAATC(T) AATTCTGTC-3 ' ) . Set two primers: external 
15 3160 (forward, position 6578-6600, 5 : - 

GCCGAGTAT (C) GACCAGTCCACTTA- 3 1 ) and 3161 (reverse, position 
7105-7127, 5 ' -AT ( C ) AACTCCCGAGTTTT ACCCACC- 3 • ) , and internal 
3162 (forward, position 6645-6667, 5'- 

TGGTT ( G ) AATGTT ( A ) GCGACC ( T ) GGCGCG - 3 ' ) and 3163 (reverse, 
20 position 7063-7085, 5 ' -GCTCAGCGACAGTA (T) GACTGG (A) AAA- 3 ' ) . 

RNA extraction and RT-PCR. Total RNA was 
extracted by TriZol reagent (GIBCO-BRL, Gaithersburg , MD) 
from 100 |al of serum obtained 1 or 2 weeks before 
seroconversion from piglets in the prospective study. 

25 Total RNA was then reverse transcribed with one of the two 
degenerate primers by using Superscript II. reverse 
transcriptase (GIBCO-BRL, Gaithersburg, MD) at 42°C for 1 
hr, and the resulting cDNA was amplified by PCR using 
ampliTaq Gold polymerase (Perkin Elmer, Norwalk, CT) . The 

30 PCR reaction was carried out for 39 cycles of denaturation 
at 94°C for 1 min, annealing at 42°C for 1 min, and 
extension at 72°C for 2 min, followed by a nested PCR 
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using 10 nl of the first round PCR product with a nested 
set of degenerate primers. 

Amplification of the entire ORFs 2 and 3 of 
swine HEV. After the first PCR fragment was amplified and 
sequenced, we designed two sets of primers, with a swine 
HEV-specific primer at one end and a degenerate primer at 
the other end (primer sequences not shown) . RT-PCR with 
these primers was performed essentially the same as 
described above. The entire ORFs 2 and 3 of swine HEV 
were amplified in this way by walking along the genome in 
both directions. 

Sequence analysis. The PCR fragments were cut 
from 1% agarose gels and purified with a Geneclean Kit 
(BiolOl, La Jolla, CA) . Both strands were sequenced with 
an automated DNA Sequencer. The sequences were analyzed 
by the GeneWorks program. Phylogenetic analyses were 
conducted with the aid of the PAUP software package 
version 3.1.1 (David L . Swofford, Illinois Natural History 
Survey, Champaign, IL) . 

EXAMPLES 

Standardization of an ELISA for swine anti- 
HEV. To establish a reliable serological test for anti- 
HEV in swine, we first generated hyperimmune antisera by 
immunizing two SPF pigs with recombinant HEV ORF2 antigen. 
IgG ant i -HEV was first detected at 2 and 3 weeks 
postimmunization, and reached peak ELISA titers of 1CT 4 at 
weeks 3 and 4 postimmunization, respectively. The anti- 
HEV titer remained at 10" 4 until the end of the 9 week 
experiment. An ELISA for swine anti-HEV was subsequently 
standardized by using the preimmune and hyperimmune swine - 
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sera along with 34 normal sera from swine raised in ' 
laboratory environments and from swine in an SPF herd. 
The ELISA cutoff value was set at 99% confidence bounds, 
based on the frequency distribution of the absorbance 
5 values of normal sera. The cutoff value was approximately 
2.5 standard deviations above the mean absorbance value of 
the normal sera. 

Serologic evidence in swine for infection with 
an agent related to HEV, The prevalence of anti-HEV in 

10 commercial swine herds in the midwestern United States was 
assessed by the standardized ELISA. Surprisingly, IgG 
ant i -HEV was found in a majority of swine >3 months of age 
in herds in the midwestern United States where human 
hepatitis E is not endemic; however, most swine <2 months 

15 of age were seronegative (Table 1) . None of the 10 adult 
swine from an SPF herd was seropositive (Table 1) . To 
further validate the serology results, we performed a 
blocking ELISA on selected anti-HEV positive and negative 
swine sera. Similar results were obtained in the blocking 

20 ELISA and the standard ELISA. The HEV antigen used in 
ELISA was expressed in insect cells; therefore we also 
included insect cells infected with baculovirus lacking 
the HEV sequence as a negative antigen conti"ol and HPLO 
purified HEV recombinant antigen as a positive antigen 

25 control. There was little or no reaction between the swine 
serum samples and the insect cells infected with the 
baculovirus lacking the HEV sequence. Thus, the swine 
anti-HEV reacted specifically with the human HEV capsid 
antigen in the standard ELISA and completed with anti-HEV 

30 in convalescent chimpanzee serum in the blocking ELISA. 
These data strongly suggested that a ubiquitous swine 
agent, ant igenically related to human HEV, was circulating 
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in the general swine population. 

Natural infection of swine in a commercial herd. 

In an attempt to identify this putative HEV-related agent 
in pigs, a prospective study was conducted in a commercial 
5 swine herd in the midwestern United States. Consistent 
with our seroepidemiological results, 18 of 21 pregnant 
sows tested from this herd were positive for anti-HEV. 
Piglets born to seronegative sows were seronegative at 2 
weeks of age, and piglets born to seropositive sows with a 
10 lower titer of IgG anti-HEV also scored as seronegative 

but had a comparatively high ELISA OD value for IgG anti- 
HEV as shown in Table 2 . 



Table 2. Seroconversion of pislets to anti-HEV in a commercial herd: a prospective study 



Piglet 

No. 


Breeder 
sow 
ELISA 
OD* 


2 wks 


Piglet 
ELISA 
OD* 

8 or 9 wks 


Age 

seroconvened 
(wks) 


15 


0.908 


0.550 


0.036 


Nt 


16 


0.908 


0.522 


0.039 


19 


17 


0.908 


0.501 


0.066 


Neg; 


18 


1.011 


0.822 


0.103 


Nt 


19 


1.011 


1.264 


0.148 


15 


20 


1.011 


0.979 


0.146 


Death § 


1 


0.692 


0.128 


0.024 


18 


2 


0.692 


0.211 


0.071 


21 


3 


0.692 


0.157 


0.052 


20 


4 


0.692 


0.114 


0.026 


18 


5 


0.431 


0.107 


0.065 


18 


6 


0.431 


0.216 


0.059 


21 


7 


0.424 


0.113 


0.073 


16N+ 


8 


0.424 


0.195 


0.093 


15 


9 


0.209 


0.047 


0.050 


18 


10 


0.209 


0.079 


0.090 


19 


11 


0.209 


0.047 


0.039 


19 


12 


0.245 


0.057 


0.061 


14 



BNSDOCID- <WO 9904029A? I > 



WO 99/04029 



PCT/US98/14665 



- 29 - 



Tabic 2. Seroconversion of piglets to anti-HEV in a commercial herd: a prospective study 



Piiilet 
No. 



Breeder 
sow 



Piglet 
EL1SA 
OD* 



Age 

seroconverted 
(wks) 



ELISA 
OD* 



2 wks 



8 or 9 wks 



13 



0.245 



0.056 



0.038 



16 



14 



0.245 



0.057 



0.012 



20Nt 



*Elisa cut-off value: 0.3; Nt: necropsied 
JNeg: remains seronegative at 21 weeks of age 
§Death due to unknown cause 



In contrast, piglets born to seropositive sows 



with a higher titer of IgG anti-HEV were positive at 2 
weeks of age for IgG anti-HEV (Table 2) , but not for IgM 
anti-HEV. The level of IgG anti-HEV in seropositive 
piglets decreased dramatically within a few weeks after 
birth and had disappeared by the age of 8 or 9 weeks 
(Table 2, Fig. 1) . Clearly, the anti-HEV detected in 
these newborns represented maternal antibody as evidenced 
by the correlation between the levels of anti-HEV in 2 
weeks old piglets and in their dams (Table 2), and from 
the fact that the anti-HEV belonged to the IgG class. 
However, after the maternal antibody had waned, most of 
the piglets had developed their own antibodies to HEV. One 
piglet seroconverted to anti-HEV at the age of 14 weeks, 
followed within a few weeks by seroconversion of piglets 
in other pens housed in the same finishing building. The 
pattern of anti-HEV appearance, starting with piglets 
grouped near the first seropositive piglet, then followed 
by more distal ones, was consistent with seroconversion 
induced by an infectious agent (data not shown) . By 21 
weeks of age, 17 of the 20 piglets had seroconverted. Two 
other piglets were necropsied prior to seroconversion and 
one piglet died of an unknown cause. The only remaining 
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seronegative piglet had a rising ELISA OD value but it was 
still below the cut-off value at the end of the 21 week 
study. The level of IgG anti-HEV increased steadily for 
several weeks after seroconversion (Fig. 1) . IgM anti- 
5 HEV, indicating a newly contracted infection with this 
putative HEV-related agent, was also detected in all 
piglets which seroconverted to IgG anti-HEV. The level of 
IgM anti-HEV peaked about one week earlier than that of 
IgG anti-HEV and decreased rapidly over about 1 to 2 weeks 
10 (Fig. 1) . 

Clinical illness was not observed in the 
piglets. Four piglets believed to be at an early stage of 
infection were necropsied during the study. Except for a 
gross lung lesion consistent with a bacterial pneumonia in 

15 one piglet, other gross lesions were not apparent in 19 
different tissues and organs examined during necropsy. 
Microscopically, all 4 piglets necropsied had evidence of 
hepatitis characterized by mild to moderate multifocal and 
periportal lymphoplasmacytic hepatitis with mild focal 

20 hepatocellular necrosis. In addition, all piglets had 
lymphoplasmacytic enteritis, and three piglets also had 
mild multifocal lymphoplasmacytic interstitial nephritis. 
Syncytial cells were also noticed in the tonsils and 
Peyer's patches of one piglet (data not shown). 

25 Genetic characterization of the swine HEV. 

Since the swine anti-HEV reacted so strongly with the 
capsid protein of human HEV, it was probable that swine 
HEV shared nucleotide sequence similarity with human HEV. 
Therefore, two sets of degenerate primers derived from the 
30 HEV putative capsid gene were used to attempt the 

amplification of the swine HEV genome by RT-PCR of serum 
samples obtained 1 and 2 weeks before seroconversion. A 
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fragment representing part of the swine HEV genome (Fig. 

o 

2) was first amplified by a nested-PCR with primer set 
3158 and 3159. Sequence information confirmed that this 
initial PCR fragment was specific for swine HEV and 
represented part of the ORF2 . 

5 Sequence analyses of swine HEV ORFs 2 and 3. 

Analyses of the complete ORF 2 and 3 sequences revealed 
that swine HEV is closely related to, although distinct 
from, human HEV strains. In the putative capsid gene 
(ORF2), swine HEV shares with human HEV strains about 79 

10 

to 80% sequence identify at the nucleotide level, and 
about 90 to 92% identity at the amino acid level (Table 3, 
Fig. 3) . 

Table 3. Pairwise comparison of the nucleotide and deduced amino acid sequences of the open reading frames (ORFs) 2 and 3 of the 
1 5 swine hepatitis E virus (SHEV) with human HFV strains 



20 



25 



30 



Virus 
Strains 


SHEV 


Mexico 


HEV-037 


Uieh- 
179 


Hetian 


KS2- 
87 


Sar5> 


Madras 


Hyde- 
rabad 


Burma 


NE8L 


ORF2 


SHEV 




79(90) 


80(91) 


80(91) 


80(91) 


80(92) 


80(92) 


79(92) 


79(90) 


79(92) 


79(91) 


Mexico 


83(79)* 




81(93) 


81(92) 


81(93) 


81(93) 


81(93) 


81(93) 


81(92) 


81(93) 


81(92) 


HEV- 
037 

Uigh- 
179 


84(82) 
84(80) 


90(89) 
90(85) 


97(97) 


94(98) 


94(98) 
98(98) 


94(98) 
98(99) 


94(99) 
97(99) 


94(98) 
93(98) 


92(97) 
93(97) 


94(98) 
94(99) 


94(98) 
93(98) 


Hetian 


84(80) 


90(85) 


97(97) 


98(97) 




99(99) 


98(99) 


93(98) 


93(97) 


94(99) 


93(98) 


KS2-87 


84(80) 


90(85) 


97(97) 


98(98) 


98(97) 




98(99) 


93(99) 


93(98) 


94(99) 


94(98) 


Sar55 


85(82) 


91(87) 


98(98) 


99(98) 


99(98) 


99(98) 




93(99) 


93(98) 


94(99) 


93(99) 


Madras 


85(82) 


90(87) 


98(98) 


98(98) 


98(98) 


98(98) 


99(100) 




96(98) 


97(99) 


96(98) 


Hyderab 
ad 


83(77) 


89(84) 


95(93) 


96(93) 


96(93) 


97(95) 


97(95) 


97(95) 




97(98) 


96(97) 


Burma 


84(82) 


90(87) 


98(98) 


98(98) 


98(98) 


98(98) 


99(100) 


99(100) 


97(95) 




98(99) 


NE8L 


84(81) 


90(87) 


98(97) 


98(97) 


97(97) 


97(97) 


98(98) 


98(98) 


96(93) 


99(98) 





ORF3 



The values in the table represent the percentage of nucleotide or amino acid (in bracket) sequences 

However, the relatively high amino acid identity 
between swine and human HEV is significantly lower than 

35 
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the amino acid identity (97 to 99%) among human HEV 
strains with the exception of the Mexican strain. The 
Mexican strain of HEV also displayed greater sequence 
divergence of about 92 to 93% amino acid identity with 
other human HEV strains (Table 3) . However, the genetic 
distances between swine HEV and the Mexican strain of HEV 
are comparable to those between swine HEV and other human 
HEV strains, indicating that swine HEV is also distinct 
from the Mexican HEV (Table 3, Fig. 3). These data 
suggested that we had identified a previously unrecognized 
swine virus belonging to the same family as human HEV. 

The small ORF3 of swine HEV had about S3 to 85% 
sequence identity at the nucleotide level with human HEV 
strains, but only 77 to 82% identity at the amino acid 
level (Table 3) . The human HEV strains also displayed a 
lower percentage of identities at the amino acid level 
than at the nucleotide level (Table 3). Most of the amino 
acid variations in ORF3 were clustered in a hypervar iable 
region consisting of 17 amino acid residues near the 
carboxyl terminus (Fig. 3) . In addition, the ORF3 of 
swine HEV had a single amino acid deletion near the amino- 
terminus (Fig. 3 ) . 

The evolutionary relationships between swine and 
human HEV were determined on the basis of the complete 
nucleotide sequences of ORF2 and ORF3 . The resulting 
phylogenetic tree revealed that human HEV strains were 
represented by at least two genotypes. The first genotype 
was represented by the Mexican strain, and the second 
genotype by the other human HEV strains (Fig. 4) . 
Phylogenetically , swine HEV was unique, the most divergent 
of the HEV strains compared and the first member of a 
third genotype (Fig. 4) . 
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Experimental infection of SPF swine with swine 
HEV. SPF swine were inoculated intravenously with acute 
phase serum samples from the prospective study already 
described. The inoculated swine were monitored for anti- 
5 HEV response, viremia, and liver enzymes. The inoculated 
swine seroconverted to ant i -HEV at 5 weeks post- 
inoculation, and viremia appeared one week before the 
seroconversion (Fig. 5) . The incubation period for swine 
HEV is about 4 to 5 weeks since the control (uninoculated) 

10 pig housed in the same room seroconverted 8 weeks post- 
inoculation. A pig infected apparently by contact also 
developed viremia as measured by RT-PCR with swine HEV- 
specific primers. Viremia occurred 2 weeks before 
seroconversion (i.e., 6 weeks post-inoculation) and lasted 

15 for 3 weeks . 

Amplification of the complete genome of swine 
HEV. In order to extend the sequence of ORFs 2 and 3 of 
swine HEV to ORF1 , a genome -walking strategy was utilized 
(Fig. 8) . The complete genome of swine HEV was amplified 
20 by RT-PCR by using one swine HEV-specific primer and one 
HEV degenerate or consensus primer (Fig. 8). The PCR 
reaction conditions used to amplify different regions of 
the genome varied. 

Sequence analysis of ORF1 and terminal NC 
25 regions of swine HEV. The nucleotide and deduced amino 

acid sequences of 0RF1 are shown in Figures 6A-6J and the 
complete genomic sequence is shown in Figure 7A-7D. 

The putative functional domains and the 
hypervariable region (HVR) in the 0RF1 were compared with 
30 the corresponding regions of other HEV strains. The 0RF1 
of swine HEV and of the US-2 strain contain 5127 
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nucleotides (nts) , which is 3 nts less than in the US-1 
strain, but 45 and 51 nts more than in the Asian strains 
and the Mexico strain, respectively (data not shown) . 
Swine HEV varied extensively, both at the nucleotide and 
5 amino acid levels, from non-U. S. strains of HEV although 
it was very similar to the two US strains. The sequence 
identity in the putative methyltransf erase and RDRP 
regions between swine HEV and non-U.S. HEV strains varied 
from 74 to 76% at the nucleotide level, and 84 to 89% at 

10 the amino acid level. The GDD tripeptide motif found in 
all viral RDRP is conserved among different strains (data 
not shown). In the putative helicase region, a slightly 
higher sequence identity between swine HEV and non-U.S. 
HEV strains was observed, 74 to 77% at. the nucleotide 

15 level and 91 to 92% at the amino acid level. Asian 

strains of HEV, Burma (14), Myanmar (16), Pakistan (18), 
China (19) and Madras (India, Genbank accession no. 
X99441) are closely related to each other. The ORF1 of 
the Mexican strain of HEV (15), like ORFs 2 and 3, also 

20 showed much greater sequence divergence from other HEV 

strains, ranging from ^3 to 80% sequence identity at the 
nucleotide level and 85 to 94% at the amino acid level. 
However, the sequence identity between, swine HEV and the 
Mexican strain was as divergent as those between swine HEV 

25 or the Mexican strain and non-U.S. strains of HEV. 

The 3' NCR of swine HEV was also amplified and 
sequenced. The primer sequence in the extreme 3 '-end was 
excluded, and the 3' NCR region containing the remaining 
54 bp of swine HEV was compared with the corresponding 
3 0 regions of other HEV strains. The 3' NCR of swine HEV 
appeared to be very divergent: it shared about 87% 
sequence identity with that of the US-1 strain, but only 
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about 5 8 to 70% sequence identity with the corresponding 
regions of the Asian strains. The 3' NCR of the Mexican 
strain is the longest, and varied extensively from all 
other HEV strains, including US-1 and swine HEV. In 
5 contrast, the 3' NCRs among the Asian strains were very 
conserved, ranging from 96 to 98% nucleotide sequence 
identity. The 5' NCR of swine HEV was also amplified. 
However, only 9 nucleotides were left in the 5' NCR of 
swine HEV after excluding the primer sequence used for the 
10 amplification. Therefore, further analysis of this region 
was not performed. 

Experimental inoculation of non-human primates 
with swine HEV. 

Two rhesus monkeys, RH-H397 (female) and RH-H398 
15 (male) and one female chimpanzee (CH-5835) were each 

inoculated (Week 0) intravenously with 0.5 ml (rhesus) or 
1.0 ml (chimpanzee) of a 10% fecal suspension (equivalent 
to approximately 10 3 rhesus infectious doses) of swine 
HEV. Weekly serum samples were tested for ant i -HEV by 
20 EL ISA and for ALT levels by standard methods. The results 
are shown in Table 4 . 



Tabic 4 







ALT (U/L) 








Anti-HEV IgG 






Week 


RH-H397 


KH-H398 


CH-5835 


RM-H39? 


RH-H398 


CH-5835 


Post-inoculation 




















0 


42 


35 


29 


< 1:100' 


< 1:100 


< 1 : 1 00 


1 


43 


30 


26 


< 1:100 


< 1:100 


< 1:100 


2 


43 


33 


27 


< 1:100 


< 1:100 


< 


1:100 


3 


97 


38 


31 


< 1:100 


< 1:100 


< 1:100 


4 


81 


39 


30 


I 


100 


1 


100 


< 1:100 


5 


96 


37 


26 


1 


100 


1 


1000 


< 1:100 


6 


67 


32 


35 


I 


100 


1 


100 


1 


100 


7 


54 


47 


28 


1 


10,000 


1 


10.000 


1 


100 


8 


44 


35 


25 


1 


10.000 


1 


10.000 


1 


1.000 


9 


50 


37 


30 


1 


10.000 - 


1 


1,000 


1 


100 


to 


44 


55 


23 


1 


K000 


1 


1.000 


1 


100 


11 


49 


37 


33 


1 


1.000 


1 


100 


1 


100 


12 


59 


41 


25 


1 


1.000 


1 


1.000 


1 


100 


13 


40 


30 


34 


1 


1.000 


1 


100 


1 


100 


14 


52 


34 


2 ND 


1 


1.000 


1 


1. 000 


ND 



The dilution presented is the dilution of sera which gave a positive response for anti-HEV IgG 
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in ELISA. A positive response with a dilution of 1 : 1 00 or greater is considered evidence of 
serconversion. 

ND = not determined. 

5. 

Animals RH-H398 and CH-5835 showed no elevation 
in ALT levels following inoculation with the swine HEV 
while RH-H3 97 showed a slight increase in ALT levels at 
weeks 3, 4 and 5 post - inoculation . 

10 In addition, both rhesus monkeys seroconverted 

at week 4 postinoculat ion while the chimpanzee 
seroconverted at week 6 postinoculat ion . Thus, the data 
presented in Table 4 demonstrates that in surrogates of 
man, the swine HEV of the present invention is completely 

15 or almost completely attenuated and elicits a strong 
ant ibody response . 

Cross Challenge of Rhesus Monkeys 
Previously Infected With Swine HEV 

Rhesus monkey RH-H397 is to be challenged 
20 intravenously with 0.5 ml (a 10" 2 dilution of the SAR55 
stool pool diluted an additional 1:3 with PBS before 
inoculation) of 10 4 monkey infectious doses (MID S0 ) of the 
SAR55 Pakistani strain of HEV (18) and Rhesus monkey RH- 
H398 is to be challenged intravenously with 0 . 5 ml (a 10' 
25 2 dilution of the MEX14 stool pool) of 10 4 MID 50 of the 
MEX-14 Mexican strain of HEV (15) respectively. 

Post-challenge, weekly serum samples are 
obtained and tested for viral RNA, ant i -HEV and ALT levels 
by standard methods. 
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CLAIMS 

1. A swine hepatitis E virus, or natural mutants 
thereof, capable of cross-reacting with antibodies 
reactive with a human HEV virus strain or natural mutants 

5 thereof . 

2 . The swine hepatitis E virus of claim 1 wherein 
the nucleic acid sequence of the genome of said virus 
shares homology with the nucleic acid sequence of the 
genome of^human hepatitis E virus or naturally occurring 

10 mutants thereof. 

3 . The swine hepatitis E virus of claim 1 wherein 
the nucleic acid sequence of the genome of said virus 
contains 3 open reading frames, designated 0RF1, 0RF2 and 
ORF3 . 

15 4 . The swine hepatitis E virus of claim 3 wherein 

the ORF2 nucleic acid sequence encodes a capsid protein. 

5. The swine hepatitis E virus of claim 3 wherein 
the 0RF2 nucleic acid sequence possesses at least about 
79% nucleotide sequence identity with the corresponding 

20 ORF2 sequence of a human hepatitis E virus or naturally 
occurring mutants thereof. 

6 . The swine hepatitis E virus of claim 3 wherein 
the ORF2 nucleic acid sequence encodes a protein having at 
least about 90% amino acid sequence identity with a capsid 

25 protein of human hepatitis E virus. 

7. The swine hepatitis E virus of claim 3 wherein 
the ORF3 nucleic acid sequence possesses at least about 
83% nucleotide sequence identity with the corresponding 
0RF3 sequence of a human hepatitis E virus or naturally 

30 occurring mutants thereof. 
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8. The swine hepatitis E virus of claim 3 wherein 
the ORF3 nucleic acid sequence encodes a protein having at 
least about 77% amino acid sequence identity with the ORF3 
protein of a human hepatitis E virus. 
5 9 . The ORF1 nucleic acid sequence of the swine 

hepatitis E virus of claim 1. 

10. The ORF2 nucleic acid sequence of the swine 
hepatitis E virus of claim 1. 

11. The ORF3 nucleic acid sequence of ORF3 of the 
10 swine hepatitis E virus of claim 1. 

12. A recombinant protein encoded by the nucleic 
acid sequence of claims 9, 10 or 11. 

13. The protein of claim 12 wherein said protein is 
highly purified. 

15 14. The protein of claim 12 wherein said protein is 

the capsid protein of HEV encoded by ORF2 . 

15. The protein of claim 12 wherein said protein is 
the protein encoded by ORF3 . 

16. The protein of claim 12, wherein said protein is 
20 the protein encoded by ORF1 . 

17. A method of determining the susceptibility of 
cells in vitro to support swine HEV infection, comprising 
the steps of : 

a. growing animal cells in vitro; 
25 b. infecting said cells with the virus of claim 1; 

and 

c. determining if said cells show indicia of HEV 
replication. 

18. The method according to claim 17 wherein said 
30 cells are human cells. 

19. An antibody specific for a protein encoded by 
the nucleic acid sequence according to claims 9, 10 or 11. 
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20. The antibody of claim 19 wherein said antibody 
is a polyclonal antibody. 

21. The antibody of claim 19, wherein said antibody 
is a monoclonal antibody. 

5 22. The antibody of claim 19 wherein said antibody 

is labeled with a detectable label. 

23. A method for detecting antibody to a swine HEV 
in a biological sample, said method comprising the steps 
of: 

10 a. contacting the sample with a protein according 

to claims 9, 10 or 11 under conditions suitable to form a 
complex with said antibodies; and 

b. detecting the presence of said complex in said 
sample . 

15 24 . A diagnostic test kit for detection of HEV 

antigens in a test sample, said kit comprising in 
combination : 

a. a container containing a specific amount of HEV 
spe c i f i c an t ibody ; 
20 b. a container containing an optional diluent for 

suspension of said test sample; 

c. a container containing a sample of a positive 
control for said assay; and 

d. a container containing a sample of a negative 
25 control for said assay. 

25. The diagnostic test kit according to claim 24 
wherein the antibody is the antibody of claim 19. 

26. A vaccine for use in immunizing against HEV, 
comprising a pharmaceut ically active composition 

30 containing a protein encoded by the nucleic acid sequence 
according to claims 9, 10 or 11 and suspended in a 
pharmaceutically acceptable diluent or excipient. 
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27. A composition comprising a protein of claim 12 
• suspended in a suitable amount of a pharmaceut ically 

acceptable diluent or excipient . 

28. A method for treating hepatitis E viral 

5 infection comprising the administration to a mammal in 
need thereof of a clinically effective amount of the 
composition of claim 26. 

29. The method of claim 28 wherein said mammal is a 
human . 

10 30. A vaccine for use in immunizing against HEV. 

comprising a pharmaceutically active composition 
containing swine hepatitis E virus according to claim 1 
and suspended in a pharmaceutically acceptable diluent or 
excipient . 

15 31. The vaccine of claim 30 wherein the swine 

hepatitis E virus is a live virus. 

32. The vaccine of claim 30 wherein the swine 
hepatitis E virus is a killed virus. 

33. A method for assessing the risk of swine HEV 
20 infection in xenotransplantation of pig organs to other 

animals, comprising the steps of: 

a. obtaining a biological sample of a tissue from a 
pig to be used as a source of organs for transplant (the 
donor pig) ; 

25 b. testing the biological sample for the presence 

of swine HEV. 

34. The method of claim 33 wherein the testing is 
done by detecting the formation of a complex between the 
antibodies of claim 19 and the biological sample-. 

30 35. The method of claim 33 wherein the testing is 

done by the procedure comprising: 
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a. extracting RNA from the biological sample; 

b. using probes complementary to unique swine HEV 
RNA sequences, with optional RT-PCR to amplify such 
sequences if necessary; and 

5 c. detecting the binding of said probes to said 

sequences, thereby indicating the presence of swine HEV in 
said sample. 

36. A swine hepatitis E virus whose ORF2 protein 
possesses at least about 93% amino acid sequence identity 

10 with the ORF2 amino acid sequence shown in Figure 3A. 

37. The swine hepatitis E virus of claim 36, wherein 
the 0RF2 protein of said virus possesses at least about 
95% amino acid sequence identity with the ORF2 amino acid 
sequence shown in Figure 3A. 

15 38. The swine hepatitis E virus of claim 37, wherein 

the 0RF2 protein of said virus possesses at least about 
97% amino acid sequence identity with the ORF2 amino acid 
sequence shown in Figure 3A. 

39. A swine hepatitis E virus whose 0RF3 protein 
20 possesses at least 85% amino acid sequence identity with 

the ORF3 amino acid sequence shown in Figure 3B. 

40. The swine hepatitis E virus of claim 39' wherein 
the 0RF3 protein of said virus possesses at least about 
90% amino acid sequence identity with the ORF3 amino acid 

2 5 sequence shown in Figure 3B. 

41. The swine HEV of claim 40, wherein the 0RF3 
protein of said virus possesses at least about 95% amino 
acid sequence identity with the ORF3 amino acid sequence 
shown in Figure 3B. 

3 0 42 . A swine HEV whose 0RF1 protein possesses at 

least about 85% amino acid sequence identity, with the 
0RF1 amino acid sequence shown in Figures 6D-6J. 
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43. The swine HEV of claim 42, wherein the ORF1 
protein of said virus possesses at least about 90% amino 
acid sequence identity with the ORF1 amino acid sequence 
shown in Figures 6D-6J. 
5 44. The swine HEV of claim 43, sherein the ORF1 

protein of said virus possesses at least about 95% amino 
acid sequence identity with the ORF1 amino acid sequence 
shown in Figures 6D-6J. 
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Sar55 MRPRPILLLLLMFLPMLPAPPPGQPSGRRRGRRSGGSGGGFWGDRVDSQPFAI PYIHPTN 60 

Mexico L . . . F . L T T 60 

KS2-87 60 

Burma 60 

Madras 60 

Uighl79 IV 60 

HEV037 H 60 

Hyderabad . G F L 60 

NE8L 60 

Hetian A 60 

Swine HEV . . . .AV FVL A C...N..A L 60 

Sar55 PFAPDVTAAAGAGPRVRQPARPLGSAWRDQAQRPAAASRRRPTTAGAAPLTAVAPAHDTP 12 0 

Mexico A..S.S...L T S A S 120 

KS2-87 V A ! . . . 120 

Burma V 120 

Madras S P 120 

Uighl79 120 

HEV037 T. : 120 

Hyderabad . . . . N V 120 

NE8L V 120 

Hetian 120 

Swine HEV . . . A . . VSQP . . . D . P . . . P S . . . ST . P . . . SAP S..P..A 120 

Sar55 PVPDVDSRGAILRRQYNLSTSPLTSSVATGTNLVLYAAPLS PLLPLQDGTNTHIMATEAS 180 

Mexico S N.P 180 

KS2-87 180 

Burma 18° 

Madras 180 

Uighl79 180 

HEV037 P 180 

Hyderabad 180 

NE8L A 180 

Hetian 180 

Swine HEV A N 180 

Sar55 NYAQYRVARATIRYRPLVPNAVGGYAISISFWPQTTTTPTSVDMNSITSTDVRILVQPGI 2 40 

Mexico 240 

KS2-87 240 

Burma 240 

Madras 240 

Uighl79 G 240 

HEV037 240 

Hyderabad P 240 

NE8L V 240 

Hetian V .v 24 0 

Swine HEV V 240 
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Sar55 DQSTYGSSTGPVYVSDSVTLVNVATGAQAVARSLDWTKVTLDGRPLSTIQQYSKTFFVLP 54 0 

Mexico I S P.VE 540 

KS2-87 540 

Burma 54 0 

Madras 540 

Uighl79 C 540 

HEV037 540 

Hyderabad < I 540 

NE8L A P 540 

Hetian T 540 

Swine HEV ..T N.M....T S T Y... 540 

Sar55 LRGKLSFWEAGTTKAGYPYNYNTTASDQLLVENAAGHRVAI STYTTSLGAGPVSISAVAV 600 

Mexico I.I R A... A.. 600 
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Hyderabad RP 600 
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Sar55 MNNMS FAAPMGS RPCALGL FCCC S SC FCLCC PRHRPVS RLAAVVG G AAA V PAWS GVTGL 123 

Mexico . . . .W P 123 

Madras 123 

Burma 123 

KS2-87 P 123 
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Hyderabad .D W S I 23 

Swine HEV S A T 123 
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Swine HEV P L . . . FHN . . . EFALDSR . APL S P.. L . . 123 
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ATGGAGGCCC ATCAGTTCAT TAAGGCTCCT GGCATTACTA 40 

CTGCCATTGA GCAGGCTGCT CTGGCTGCGG CCAACTCCGC 80 

CTTGGCGAAT GCTGTGGTGG TTCGGCCGTT TTTATCTCGT 120 

GTACAAACTG AGATCCTTAT TAATTTGATG CAACCCCGGC 160 

AGTTGGTTTT CCGCCCTGAG GTACTTTGGA ATCATCCTAT 200 

CCAGCGGGCA ATACATAATG AACTGGAACA GTACTGCCGA 240 

GCCCGGGCTG GTTGTTGTTT GGAAGTTGGA GCCCATCCGA 280 

GATTTATTAA TGACAATCCC AACGTCCTGC ACCGGTGCTT 320 

CCTTAGACCG GTTGGCCGAG ATGTCCAGCG CTGGTACTCT 360 

GCCCCCACCC GTGGCCCTGC GGCCAATTGT CGCCGCTCCG 400 

CGCTGCGTGG CCTTCCCCCC GTCGACCGCA CTTACTGTTT 440 

TGATGGATTC TCTCGTTGTG CTTTCGCTGC AGAGACCGGT 480 

GTGGCCCTCT ACTCTTTACA TGACCTTTGG CCAGCTGATG 520 

TTGCGGAGGC TATGGCCCGC CACGGGATGA CACGCCTATA 560 

CGCCGCACTG CACCTTCTTC CCGAGGTGCT GCTACCACCC 600 

GGCACCTACC ACACAACTTC GTACCTCCTG ATTCACGACG 640 

GTGACCGCGC TGTTGTGACT TATGAGGGCG ATACTAGTGC 680 

GGGCTATAAC CATGATGTCT CCATACTCCG TGCGTGGATC 720 

CGTACCACTA AAATAGTTGG TGACCACCCG TTGGTTATAG 760 

AGCGTGTGCG GGCCATTGGC TGTCATTTTG TGCTGCTGCT 800 

CACCGCAGCC CCTGAACCGT CACCTATGCC TTATGTCCCC 840 

TACCCTCGTT CAACGGAGGT GTATGTTCGA TCCATATTTG 880 

GCCCTGGCGG CTCCCCATCC TTGTTTCCGT CAGCCTGCTC 920 

TACTAAATCT ACATTTCATG CTGTCCCGGT TCATATCTGG 960 

GATCGGCTCA TGCTTTTTGG TGCCACCCTG GATGACCAGG 1000 

CCTTTTGTTG TTCACGGCTC ATGACCTACC TCCGTGGTAT 1040 

TAGCTACAAG GTCACTGTCG GTGCGCTTGT CGCTAATGAG 1080 

GGGTGGAACG CCTCTGAAGA TGCTCTTACT GCAGTGATTA 1120 

CTGCCGCTTA TCTGACTATT TGCCATCAGC GTTATCTTCG 1160 

CACCCAGGCG ATATCCAAGG GCATGCGCCG GCTGGAGGTT 1200 

GAGCACGCCC AGAAATTTAT CACAAGACTT TACAGTTGGC 1240 

TATTTGAGAA GTCTGGCCGT GATTATATCC CCGGCCGTCA 1280 

GCTTCAGTTC TACGCACAGT GCCGGCGGTG GTTATCTGCA 1320 

GGCTTCCACC TAGACCCCAG GGTGCTTGTT TTTGATGAAT 1360 

CAGTGCCATG CCGCTGCAGG ACGTTTTTGA AGAAAGTCGC 1400 

AGGTAAGTT C TGCTGTTTTA TGCGGTGGTT AGGGCAGGAG 144 0 

TGTACCTGTT TCTTGGAGCC AGCCGAAGGC TTGGTTGGCG 1480 

ACTATGG CCA TGACAACGAG GCCTATGAGG GTTCTGAGGT 1520 

CGACCCGGCT GAACCTGCTC ATCTTGATGT TTCTGGGACC 1560 

TATGCCGTTC ACGGGCGCCA GCTTGAGGCT CTCTATAGGG 1600 

CACTTAATGT CCCACATGAC ATCGCCGCTC GAGCCTCCCG 1640 

CCTAACGGCT ACTGTTGAGC TCACTGCAAG CCCAGACCGT 1680 

TTAGAGTGCC GCACTGTGCT TGGTAATAAG ACCTTCAGGA I 720 

CGACGGTGGT TGATGGCGCC CATCTTGAGG CGAATGGTCC 1760 

TGAGCAGTAT GTCCTATCAT TCGACGCCTC CCGCCAGTCT 1800 

ATGGGGGCCG GGTCACATAG CCTCACTTAT GAGCTCACCC 1840 

CTGCCGGCCT GCAGGTCAGG ATTTCATCTA ATGGCCTGGA 1880 

FIG. 6A 
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TTGCACAGCC ACATTCCCCC CCGGCGGCGC CCCTAGCGCT 1920 

GCGCCGGGGG AGGTGGCGGC CTTTTGCAGT GCCCTTTATA I960 

GATATAATAG GTTCACCCAG CGGCATTCGC TGACCGGTGG 20 00 

GTTATGGCTA CACCCTGAGG GATTGCTGGG CATCTTCCCC 2040 

CCTTTCTCCC CTGGGCACAT TTGGGAGCCT GCTAACCCTT 2080 

TCTGCGGGGA GGGGACTTTG TATACCCGGA CTTGGTCAAC 2120 

ATCTGGCTTT TCTAGCGATT TCTCCCCCCC TGAGGCGGCC 2160 

GCCCCCGTTT TGGCCGCTGC CCCGGGGCTG CCCCACCCTA 2200 

CCCCACCTGT TAGTGACATT TGGGTGTTAC CACCACCTTC 2240 

AAAGGAGTCT CAGGTCGATG CGGCATCTGT GCCCCCTGCT 2280 

CCTGAGCCCG CTGGATTACC CAGCTCCATT GTGCTTACCC 2320 

TCCCCCCCCC CCTCCCTCCT GTGCGTAAGC CACCAACACC 2360 

CCCGCCTTCC CGCACTCGTC GTCTCCTCTA CACCTATCCC 24 0 0 

GACGGCGCAA AGGTGTATGC GGGGTCATTG TTTGAATCAG 2440 

ACTGTAACTG GCTGGTTAAT GCCTCAAACC CGGGCCACCG 24 80 

CCCTGGAGGT GGCCTCTGCC ATGCTTTTTA CCAACGTTTC 2520 

CCAGAGGCGT TTTACCCGAC TGAGTTCATT ATG CGTGAGG 25 60 

GCCTTGCAGC ATATACCCTG ACCCCGCGCC CTATCATTCA 26 0 0 

TGCAGTGGCC CCCGACTATA GGGTTGAGCA GAATCCGAAG 264 0 

AGGCTTGAGG CAGCGTACCG GGAGACTTGC TCCCGTCGTG 268 0 

GCACCGCCGC CTACCCGCTT CTAGGCTCGG GTATATACCA 2720 

GGTCCCTGTC AGCCTCAGTT TTGATGCCTG GGAACGCAAT 2760 

CACCGCCCCG GCGATGAGCT TTATTTGACT GAGCCCGCCG 28 0 0 

CAGCCTGGTT CGAGGCTAAT AAGCCGGCGC AGCCGGCGCT 284 0 

TACTATAACT GAGGACACAG CCCGTACGGC CAACCTAGCG 2 880 

TTAGAGATCG ATGCTGCCAC AGATGTTGGC CGTGCTTGTG 2 920 

CCGGCTGCAC TATCAGTCCT GGGATTGTGC ACTATCAGTT 2 96 0 

CACTGCCGGG GTCCCAGGCT CGGGCAAGTC TCGGTCCATA 3000 

CAACAGGGAG ATGTCGATGT GGTGGTCGTG CCCACCCGGG 3 04 0 

AGCTCCGTAA TAGTTGGCGT CGCCGGGGTT TTGCGGCTTT 3 08 0 

CACACCTCAC ACAGCAGCCC GTGTCACTAT CGGTCGCCGC 312 0 

GTTGTGATTG ATGAGG CTCC ATCTCTCCCT CCACACCTGT 316 0 

TGCTGTTACA CATGCAGCGG GCCTCCTCGG TCCATCTCCT 320 0 

TGGTGACCCA AATCAGATCC CTGCCATTGA TTTTGAACAC 3 24 0 

GCCGGCCTGG TTCCCGCGAT CCGCCCTGAG CTTGCTCCAA 3280 

CGAGCTGGTG GCACGTTACA CACCGTTGCC CGGCCGATGT 3 32 0 

ATGCGAGCTC ATACGCGGAG CCTACCCTAA AATCCAGACC 3360 

ACGAGCCGTG TGCTGCGGTC CCTGTTCTGG AACGAACCTG 340 0 

CTATCGGCCA GAAGTTGGTC TTCACGCAGG CTGCTAAAGC 344 0 

TGCTAACCCT GGTGCGATTA CGGTTCATGA AGCTCAGGGT 348 0 

GCCACTTTTA CAGAGACCAC AATTATAGCC ACGGCCGATG 3520 

CCAGGGGCCT TATCCAGTCA TCCCGGGCTC ACGCTATAGT 3560 

CGCACTCACC CGCCACACTG AGAAGTGTGT TATTCTGGAT 3 600 

GCTCCCGGCC TGCTGCGTGA GGTCGGCATT TCGGATGTGA 3640 

TTGTCAATAA CTTTTTCCTT GCTGGCGGAG AAGTCGGCCA 3 680 

TCACCGCCCT TCTGTGATAC CCCGCGGTAA CCCTGATCAG 3720 

AACCTCGGGA CTCTACAGGC CTTCCCGCCG TCCTGCCAGA 3760 

FIG. 6B 
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TTAGTGCTTA CCACCAATTG GCTGAAGAAT TAGGCCACCG 3 8 00 

TCCGGCTCCT GTTGCCGCCG TCTTGCCCCC TTGCCCTGAG 3 84 0 

CTTGAGCAGG GCCTGCTCTA TATGCCACAA GAGCTTACTG 3880 

TGTCTGATAG TGTGTTGGTT TTTGAGCTCA CGGATATAGT 3 92 0 

CCACTGTCGC ATGGCCGCTC CGAGCCAGCG AAAGGCTGTT 3 960 

CTCTCAACAC TTGTAGGGAG ATACGGCCGT AGGACGAAAT 4 000 

TATATGAGGC AGCGCATTCA GATGTTCGTG AGTCCCTGGC 4 04 0 

CAGGTTCATT CCCACTATCG GGCCTGTTCA GGCCACCACA 4 08 0 

TGTGAGTTGT ATGAGTTGGT TGAGGCCATG GTGGAGAAGG 412 0 

GACAGGACGG CTCTGCCGTC CT AG AG CTTG ACCTTTGCAA 416 0 

TCGTGACGTA TCGCGCATCA CATTTTTCCA AAAGGATTGC 4 2 00 

AACAAGTTTA CAACTGGTGA GACTATCGCC CATGGCAAGG 4 24 0 

TTGGTCAGGG TATATCGGCC TGGAGTAAGA CCTTCTGTGC 42 80 

TCTGTTTGGC CCGTGGTTCC GTGCCATTGA AAAAGAAATA 43 2 0 

CTGGCCCTAC TCCCGCCTAA TATCTTTTAT GGCGACGCCT 4 360 

ATGAGGAATC AGTGTTCGCT GCCGCTGTGT CCGGGGCGGG 44 00 

GTCGTGCATG GTATTTGAAA ATGACTTTTC AGAGTTTGAC 444 0 

AGTACCCAAA ATAATTTCTC CCTTGGCCTT GAGTGTGTGG 44 80 

TTATGGAGGA GTGCGGCATG CCCCAGTGGC -TAATTAGGTT 4 52 0 

GTATCATCTG GTTCGGTCAG CCTGGATTTT GCAGGCGCCG 4 56 0 

AAGGAGTCTC TTAAGGGTTT CTGGAAGAAG CATTCTGGTG 4600 

AGCCTGGTAC CCTTCTCTGG AACACCGTCT GGAACATGGC 4 64 0 

GATTATAGCA CATTGTTATG AGTTTCGTGA CTTTCGTGTT 468 0 

GCCGCCTTCA AGGGTGATGA TTCAGTGGTC CTTTGTAGTG 4 72 0 

ACTACCGACA GAGCCGTAAT GCGGCTGCCT TAATTGCAGG 4 76 0 

CTGTGGGCTC AAATTGAAGG TTG ACT AC CG CCCTATTGGG 4 80 0 

CTGTATGCCG GGGTGGTGGT GGCCCCTGGT CTGGGGACAC 4 84 0 

TGCCTGATGT TGTGCGTTTC GCCGGTCGGT TGTCTGAAAA 4 88 0 

GAATTGGGGC CCCGGCCCAG AGCGTGCTGA GCAGCTGCGT 4 92 0 

CTTGCTGTTT GTGACTTCCT TCGAGGGTTG ACAAATGTTG 4 96 0 

CGCAGGTTTG TGTTGATGTT GTGTCCCGTG TTTATGGAGT 5000 

TAGCCCCGGG CTGGTGCATA ACCTTATTGG CATGCTGCAG 504 0 

ACTATTGCCG ATGGCAAGGC C C ACTTT AC A GAGACTATTA 5080 

AACCTGTGCT TGACCTTACA AACTCTATCA TACAGCGGGT 5120 

GGAATGA 5127 

FIG. 6C 
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Pro Tyr Val Pro Tyr Pro Arg Ser Thr Glu Val Tyr 

280 285 
Val Arg Ser lie Phe Gly Pro Gly Gly Ser Pro Ser 
290 295 300 

Leu Phe Pro Ser Ala Cys Ser Thr Lys Ser Thr Phe 

305 310 
His Ala Val Pro Val His lie Trp Asp Arg Leu Met 
315 320 325 

Leu Phe Gly Ala Thr Leu Asp Asp Gin Ala Phe Cys 

330 335 
Cys Ser Arg Leu Met Thr Tyr Leu Arg Gly lie Ser 

340 345 
Tyr Lys Val Thr Val Gly Ala Leu Val Ala Asn Glu 
350 J 355 360 

Gly Trp Asn Ala Ser Glu Asp Ala Leu Thr Ala Val 

365 370 
lie Thr Ala Ala Tyr Leu Thr lie Cys His Gin Arg 
375 380 385 

Tyr Leu Arg Thr Gin Ala lie Ser Lys Gly Met Arg 

3 90 3 95 

Arg Leu Glu Val Glu His Ala Gin Lys Phe lie Thr 

4 0 0 4 0 5 

Arg Leu Tyr Ser Trp Leu Pne Glu Lys Ser Gly Arg 
410 415 420 

Asp Tyr lie Pro Gly Arg Gin Leu Gin Phe Tyr Ala 

425 430 
Gin Cys Arg Arg Trp Leu Ser Ala Gly Phe His Leu 
435 440 445 

Asp Pro Arg Val Leu Val Phe Asp Glu Ser Val Pro 

450 455 
Cys Arg Cys Arg Thr Phe Leu Lys Lys Val Ala Gly 

460 465 
Lys Phe Cys Cys Phe Met Arg Trp Leu Gly Gin Glu 
470 475 480 

Cys Thr Cys Phe Leu Glu Pro Ala Glu Gly Leu Val 

485 490 
Gly Asp Tyr Gly His Asp Asn Glu Ala Tyr Glu Gly 
495 500 505 

Ser Glu Val Asp Pro Ala Glu Pro Ala His Leu Asp 

510 515 
Val Ser Gly Thr Tyr Ala Val His Gly Arg Gin Leu 

520 * 525 

Glu Ala Leu Tyr Arg Ala Leu Asn Val Pro His Asp 
530 535 540 

lie Ala Ala Arg Ala Ser Arg Leu Thr Ala Thr Val 

545 550 
Glu Leu Thr Ala Ser Pro Asp Arg Leu Glu Cys Arg 



FIG. 6E 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 99040?9A? I > 



WO 99/04029 



PCT/US98/14665 



13/23 



555 560 565 

Thr Val Leu Gly Asn Lys Thr Phe Arg Thr Thr Val 

570 575 
Val Asp Gly Ala His Leu Glu Ala Asn Gly Pro Glu 

580 585 
Gin Tyr Val Leu Ser Phe Asp Ala Ser Arg Gin Ser 
590 595 600 

Met Gly Ala Gly Ser His Ser Leu Thr Tyr Glu Leu 

605 610 
Thr Pro Ala Gly Leu Gin Val Arg lie Ser Ser Asn 
615 620 625 

Gly Leu Asp Cys Thr Ala Thr Phe Pro Pro Gly Gly 

630 635 
Ala Pro Ser Ala Ala Pro Gly Glu Val Ala Ala Phe 

640 645 
Cys Ser Ala Leu Tyr Arg Tyr Asn Arg Phe Thr Gin 
650 655 660 

Arg His Ser Leu Thr Gly Gly Leu Trp Leu His Pro 

665 670 
Glu Gly Leu Leu Gly lie Phe Pro Pro Phe Ser Pro 
675 680 685 

Gly His lie Trp Glu Pro Ala Asn Pro Phe Cys Gly 

690 6 95 

Glu Gly Thr Leu Tyr Thr Arg Thr Trp Ser Thr Ser 

700 - 705 

Gly Phe Ser Ser Asp Phe Ser Pro Pro Glu Ala Ala 
710 715 720 

Ala Pro Val Leu Ala Ala Ala Pro Gly Leu Pro His 

725 730 
Pro Thr Pro Pro Val Ser Asp lie Trp Val Leu Pro 
735 740 745 

Pro Pro Ser Lys Glu Ser Gin Val Asp Ala Ala Ser 

750 755 
Val Pro Pro Ala Pro Glu Pro Ala Gly Leu Pro Ser 

760 765 
Ser lie Val Leu Thr Leu Pro Pro Pro Leu Pro Pro 
770 775 780 

Val Arg Lys Pro Pro Thr Pro Pro Pro Ser Arg Thr 

785 790 
Arg Arg Leu Leu Tyr Thr Tyr Pro Asp Gly Ala Lys 
795 800 805 

Val Tyr Ala Gly Ser Leu Phe Glu Ser Asp Cys Asn 

810 815 
Trp Leu Val Asn Ala Ser Asn Pro Gly His Arg Pro 

820 825 
Gly Gly Gly Leu Cys His Ala Phe Tyr Gin Arg Phe 
830 835 840 



FIG. 6F 
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Pro Glu Ala Phe Tyr Pro Thr Glu Phe lie Met Arg 

845 850 
Glu Gly Leu Ala Ala Tyr Thr Leu Thr Pro Arg Pro 
855 860 865 

lie lie His Ala Val Ala Pro Asp Tyr Arg Val Glu 

870 875 
Gin Asn Pro Lys Arg Leu Glu Ala Ala Tyr Arg Glu 

880 885 
Thr Cys Ser Arg Arg Gly Thr Ala Ala Tyr Pro Leu 
890 895 900 

Leu Gly Ser Gly lie Tyr Gin Val Pro Val Ser Leu 

905 910 
Ser Phe Asp Ala Trp Glu Arg Asn His Arg Pro Gly 
915 * 920 925 

Asp Glu Leu Tyr Leu Thr Glu Pro Ala Ala Ala Trp 

930 935 
Phe Glu Ala Asn Lys Pro Ala Gin Pro Ala Leu Thr 

940 945 
lie Thr Glu Asp Thr Ala Arg Thr Ala Asn Leu Ala 
950 955 960 

Leu Glu He Asp Ala Ala Thr Asp Val Gly Arg Ala 

965 970 
Cys Ala Gly Cys Thr He Ser Pro Gly He Val His 
975 980 985 

Tyr Gin Phe Thr Ala Gly Val Pro Gly Ser Gly Lys 

990 995 
Ser Arg Ser He Gin Gin Gly Asp Val Asp Val Val 

1000 1005 
Val Val Pro Thr Arg Glu Leu Arg Asn Ser Trp Arg 
1010 1015 1020 

Arg Arg Gly Phe Ala Ala Phe Thr Pro His Thr Ala 

1025 1030 
Ala Arg Val Thr He Gly Arg Arg Val Val He Asp 

X035 1040 1045 

Glu Ala Pro Ser Leu Pro Pro His Leu Leu Leu Leu 

1050 1055 
His Met Gin Arg Ala Ser Ser Val His Leu Leu Gly 

1060 1065 
Asp Pro Asn Gin He Pro Ala He Asp Phe Glu His 
1070 1075 1080 

Ala Gly Leu Val Pro Ala He Arg Pro Glu Leu Ala 

1085 1090 
Pro Thr Ser Trp Trp His Val Thr His Arg Cys Pro 

1095 1100 1105 

Ala Asp Val Cys Glu Leu He Arg Gly Ala Tyr Pro 

1110 1115 
Lys He Gin Thr Thr Ser Arg Val Leu Arg Ser Leu 

FIG. 6G 
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1120 1125 
Phe Trp Asn Glu Pro Ala lie Gly Gin Lys Leu Val 
1130 1135 1140 

Phe Thr Gin Ala Ala Lys Ala Ala Asn Pro Gly Ala 

1145 1150 
lie Thr Val His Glu Ala Gin Gly Ala Thr Phe Thr 

1155 1160 1165 

Glu Thr Thr lie lie Ala Thr Ala Asp Ala Arg Gly 

1170 1175 
Leu lie Gin Ser Ser Arg Ala His Ala lie Val Ala 

1180 1185 
Leu Thr Arg His Thr Glu Lys Cys Val lie Leu Asp 
1190 1195 1200 

Ala Pro Gly Leu Leu Arg Glu Val Gly lie Ser Asp 

1205 1210 
Val lie Val Asn Asn Phe Phe Leu Ala Gly Gly Glu 

1215 1220 1225 

Val Gly His His Arg Pro Ser Val lie Pro Arg Gly 

1230 1235 
Asn Pro Asp Gin Asn Leu Gly Thr Leu Gin Ala Phe 

1240 1245 
Pro Pro Ser Cys Gin lie Ser Ala Tyr His Gin Leu 
1250 1255 1260 

Ala Glu Glu Leu Gly His Arg Pro Ala Pro Val Ala 

1265 1270 
Ala Val Leu Pro Pro Cys Pro Glu Leu Glu Gin Gly 

1275 1280 1285 

Leu Leu Tyr Met Pro Gin Glu Leu Thr Val Ser Asp 

1290 1295 
Ser Val Leu Val Phe Glu Leu Thr Asp lie Val His 

1300 1305 
Cys Arg Met Ala Ala Pro Ser Gin Arg Lys Ala Val 
1310 1315 13 2 0 

Leu Ser Thr Leu Val Gly Arg Tyr Gly Arg Arg Thr 

1325 1330 
Lys Leu Tyr Glu Ala Ala His Ser Asp Val Arg Glu 

1335 1340 1345 

Ser Leu Ala Arg Phe lie Pro Thr lie Gly Pro Val 

1350 1355 
Gin Ala Thr Thr Cys Glu Leu Tyr Glu Leu Val Glu 

1360 1365 
Ala Met Val Glu Lys Gly Gin Asp Gly Ser Ala Val 
1370 1375 1380 

Leu Glu Leu Asp Leu Cys Asn Arg Asp Val Ser Arg 

1385 1390 
lie Thr Phe Phe Gin Lys Asp Cys Asn Lys Phe Thr 
1395 1400 1405 
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Thr Gly Glu Thr lie Ala His Gly Lys Val Gly Gin 

1410 1415 
Gly lie Ser Ala Trp Ser Lys Thr Phe Cys Ala Leu 

1420 1425 
Phe Gly Pro Trp Phe Arg Ala lie Glu Lys Glu lie 
1430 1435 1440 

Leu Ala Leu Leu Pro Pro Asn lie Phe Tyr Gly Asp 

1445 1450 
Ala Tyr Glu Glu Ser Val Phe Ala Ala Ala Val Ser 

1455 1460 - 1465 

Gly Ala Gly Ser . Cys Met Val Phe Glu Asn Asp Phe 

1470 1475 
Ser Glu Phe Asp Ser Thr Gin Asn Asn Phe Ser Leu 

1480 1485 
Gly Leu Glu Cys Val Val Met Glu Glu Cys Gly Met 
149t> 1495 1500 

Pro Gin Trp Leu lie Arg Leu Tyr His Leu Val Arg 

1505 1510 
Ser Ala Trp lie Leu Gin Ala Pro Lys Glu Ser Leu 

1515 1520 1525 

Lys Gly Phe Trp Lys Lys His Ser Gly Glu Pro Gly 

1530 1535 
Thr Leu Leu Trp Asn Thr Val Trp Asn Met Ala lie 

1540 ~ 1545 
lie Ala His Cys Tyr Glu Phe Arg Asp Phe Arg Val 
1550 1555 1560 

Ala Ala Phe Lys Gly Asp Asp Ser Val Val Leu Cys 

1565 1570 
Ser Asp Tyr Arg Gin Ser Arg Asn Ala Ala Ala Leu 

1575 1580 1585 

lie Ala Gly Cys Gly Leu Lys Leu Lys Val Asp Tyr 

1590 1595 
Arg Pro lie Gly Leu Tyr Ala Gly Val Val Val Ala 

1600 1605 
Pro Gly Leu Gly Thr Leu Pro Asp Val Val Arg Phe 
1610 1615 1620 

Ala Gly Arg Leu Ser Glu Lys Asn Trp Gly Pro Gly 

1625 1630 
Pro Glu Arg Ala Glu Gin Leu Arg Leu Ala Val Cys 

1635 1640 1645 

Asp Phe Leu Arg Gly Leu Thr Asn Val Ala Gin Val 

1650 1655 
Cys Val Asp Val Val Ser Arg Val Tyr Gly Val Ser 

1660 1665 
Pro Gly Leu Val His Asn Leu lie Gly Met Leu Gin 
1670 1675 1680 

Thr lie Ala Asp Gly Lys Ala His Phe Thr Glu Thr 

FIG. 61 
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1685 1S90 
lie Lys Pro Val Leu Asp Leu Thr Asn Ser lie lie 

1695 1700 1705 

Gin Arg Val Glu 

1709 

FIG. 6J 
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TTCGATGCCA TGGAGGCCCA TCAGTTCATT AAGGCTCCTG 40 
GCATTACTAC TGCCATTGAG CAGGCTGCTC TGGCTGCGGC 80 

CAACTCCGCC TTGGCGAATG CTGTGGTGGT TCGGCCGTTT 120 

TTATCTCGTG TACAAACTGA GATCCTTATT AATTTGATGC 160 

AACCCCGGCA GTTGGTTTTC CGCCCTGAGG TACTTTGGAA 2 00 

TCATCCTATC CAGCGGGCAA TACATAATGA ACTGGAACAG 240 

TACTGCCGAG CCCGGGCTGG TTGTTGTTTG GAAGTTGGAG 2 80 

CCCATCCGAG ATTTATTAAT GACAATCCCA ACGTCCTGCA 320 

CCGGTGCTTC CTTAGACCGG TTGGCCGAGA TGTCCAGCGC 3 60 

TGGTACTCTG CCCCCACCCG TGGCCCTGCG GCCAATTGTC 400 

GCCGCTCCGC GCTGCGTGGC CTTCCCCCCG TCGACCGCAC 440 

TTACTGTTTT GATGGATTCT CTCGTTGTGC TTTCGCTGCA 48 0 

GAGACCGGTG TGGCCCTCTA CTCTTTACAT GACCTTTGGC 520 

CAGCTGATGT TGCGGAGGCT ATGGCCCGCC ACGGGATGAC 560 

ACGCCTATAC GCCGCACTGC ACCTTCTTCC CGAGGTGCTG 600 

CTACCACCCG GCACCTACCA CACAACTTCG TACCTCCTGA 640 

TTCACGACGG TGACCGCGCT GTTGTGACTT ATGAGGGCGA 68 0 

TACTAGTGCG GGCTATAACC ATGATGTCTC CATACTCCGT 72 0 

GCGTGGATCC GTACCACTAA AATAGTTGGT GACCACCCGT 760 

TGGTTATAGA GCGTGTGCGG GCCATTGGCT GTCATTTTGT 800 

GCTGCTGCTC ACCGCAGCCC CTGAACCGTC AC CTATGC CT 84 0 

TATGTCCCCT ACCCTCGTTC AACGGAGGTG TATGTTCGAT 88 0 

CCATATTTGG CCCTGGCGGC TCCCCATCCT TGTTTCCGTC 92 0 

AGCCTGCTCT ACTAAATCTA CATTTCATGC TGTCC CGGTT 960 

CATATCTGGG ATCGGCTCAT GCTTTTTGGT GCCACCCTGG 10 0 0 

ATGACCAGGC CTTTTGTTGT TCACGGCTCA TGACCTACGT 104 0 

CCGTGGTATT AGCTACAAGG TCACTGTCGG TGCGCTTGTC 108 0 

GCTAATGAGG GGTGGAACGC CTCTGAAGAT GCTCTTACTG 112 0 

CAGTGATTAC TGCCGCTTAT CTGACTATTT GCCATCAGCG 1160 

TTATCTTCGC ACCCAGGCGA TATCCAAGGG CATGCGCCGG 12 0 0 

CTGGAGGTTG AGCACGCCCA GAAATTTATC ACAAGACTTT 124 0 

ACAGTTGGCT ATTTGAGAAG TCTGGCCGTG ATTATATCCC 128 0 

CGGCCGTCAG CTTCAGTTCT ACGCACAGTG CCGGCGGTGG 132 0 

TTATCTGCAG GCTTCCACCT AGACCCCAGG GTGCTTGTTT 1360 

TTGATGAATC AGTGCCATGC CGCTGCAGGA CGTTTTTGAA 14 00 

GAAAGTCGCA GGTAAGTTCT GCTGTTTTAT GCGGTGGTTA 144 0 

GGGCAGGAGT GTAC CTGTTT CTTGGAGCCA GCCGAAGGCT 1480 

TGGTTGGCGA CTATGGCCAT GACAACGAGG CCTATGAGGG 1520 

TTCTGAGGTC GACCCGGCTG AACCTGCTCA TCTTGATGTT 1560 

TCTGGGACCT ATGCCGTTCA CGGGCGCCAG CTTGAGGCTC 1600 

TCTATAGGGC ACTTAATGTC CCACATGACA TCGCCGCTCG 1640 

AGCCTCCCGC CTAACGGCTA CTGTTGAGCT CACTGCAAGC 1680 

CCAGACCGTT TAGAGTGCCG CACTGTGCTT GGTAATAAGA 1720 

CCTTCAGGAC GACGGTGGTT GATGGCGCCC ATCTTGAGGC 1760 

GAATGGTCCT GAGCAGTATG TCCTATCATT CGACGCCTCC 1800 

CGCCAGTCTA TGGGGGCCGG GTCACATAGC CTCACTTATG 1840 

AGCTCACCCC TGCCGGCCTG CAGGTCAGGA TTTCATCTAA 1880 
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TGGCCTGGAT TGCACAGCCA CATTCCCCCC CGGCGGCGCC 1920 

CCTAGCGCTG CGCCGGGGGA GGTGGCGGCC TTTTGCAGTG 1960 

CCCTTTATAG ATATAATAGG TTCACCCAGC GGCATTCGCT 2000 

GACCGGTGGG TTATGGCTAC ACCCTGAGGG ATTGCTGGGC 2040 

ATCTTCCCCC CTTTCTCCCC TGGGCACATT TGGGAGCCTG 2080 

CTAACCCTTT CTGCGGGGAG GGGACTTTGT ATACCCGGAC 212 0 

TTGGTCAACA TCTGGCTTTT CTAGCGATTT CTCCCCCCCT 2160 

GAGGCGGCCG CCCCCGTTTT GGCCGCTGCC CCGGGGCTGC 2200 

CCCACCCTAC CCCACCTGTT AGTGACATTT GGGTGTTACC 2240 

ACCACCTTCA AAGGAGTCTC AGGTCGATGC GGCATCTGTG 228 0 

CCCCCTGCTC CTGAGCCCGC TGGATTACCC AGCTCCATTG 2320 

TGCTTACCCT CCCCCCCCCC CTCCCTCCTG TGCGTAAGCC 23 60 

ACCAACACCC CCGCCTTCCC GCACTCGTCG TCTCCTCTAC 2400 

ACCTATCCCG ACGGCGCAAA GGTGTATGCG GGGTCATTGT 2440 

TTGAATCAGA CTGTAACTGG CTGGTTAATG CCTCAAACCC 24 8 0 

GGGCCACCGC CCTGGAGGTG GCCTCTGCCA TGCTTTTTAC 2520 

CAACGTTTCC CAGAGGCGTT TTACCCGACT GAGTTCATTA 2560 

TGCGTGAGGG CCTTGCAGCA TATACCCTGA CCCCGCGCCC 2 60 0 

TATCATTCAT GCAGTGGCCC CCGACTATAG GGTTGAGCAG 2 64 0 

AATCCGAAGA GGCTTGAGGC AGCGTACCGG GAGACTTGCT 2 68 0 

CCCGTCGTGG CACCGCCGCC TACCCGCTTC TAGGCTCGGG 2 72 0 
TATATACCAG GTCCCTGTCA GCCTCAGTTT TGATGCCTGG - 2760 

GAACGCAATC ACCGCCCCGG CGATGAGCTT TATTTGACTG 2 80 0 

AGCCCGCCGC AGCCTGGTTC GAGGCTAATA AGCCGGCGCA 2 84 0 

GCCGGCGCTT ACTATAACTG AGGACACAGC CCGTACGGCC 2 88 0 

AACCTAGCGT TAGAGATCGA TGCTGCCACA GATGTTGGCC 2 92 0 

GTGCTTGTGC CGGCTGCACT ATCAGTCCTG GGATTGTGCA 2 960 

CTATCAGTTC ACTGCCGGGG TCCCAGGCTC GGGCAAGTCT 3 00 0 

CGGTCCATAC AACAGGGAGA TGTCGATGTG GTGGTCGTGC 3 04 0 

CCACCCGGGA GCTCCGTAAT AGTTGGCGTC GCCGGGGTTT 3 080 

TGCGGCTTTC ACACCTCACA CAGCAGCCCG TGTCACTATC 312 0 

GGTCGCCGCG TTGTGATTGA TGAGGCTCCA TCTCTCCCTC 3160 

CACACCTGTT GCTGTTACAC ATGCAGCGGG CCTCCTCGGT 3200 

CCATCTCCTT GGTGACCCAA ATCAGATCCC TGCCATTGAT 3240 

TTTGAACACG CCGGCCTGGT TCCCGCGATC CGCCCTGAGC 3280 

TTGCTCCAAC GAGCTGGTGG CACGTTACAC ACCGTTGCCC 332 0 

GGCCGATGTA TGCGAGCTCA TACGCGGAGC CTACCCTAAA 3360 

ATCCAGACCA CGAGCCGTGT GCTGCGGTCC CTGTTCTGGA 3400 

ACGAACCTGC TATCGGCCAG AAGTTGGTCT TCACGCAGGC 3440 

TGCTAAAGCT GCTAACCCTG GTGCGATTAC GGTTCATGAA 3480 

GCTCAGGGTG CCACTTTTAC AGAGACCACA ATTATAGCCA 3520 

CGGCCGATGC CAGGGGCCTT ATCCAGTCAT CCCGGGCTCA 3 560 

CGCTATAGTC GCACTCACCC GCCACACTGA GAAGTGTGTT 3 600 

ATTCTGGATG CTCCCGGCCT GCTGCGTGAG GTCGGCATTT 3 64 0 

CGGATGTGAT TGTCAATAAC TTTTTCCTTG CTGGCGGAGA 3 68 0 

AGTCGGCCAT CACCGCCCTT CTGTGATACC CCGCGGTAAC 3 720 

CCTGATCAGA ACCTCGGGAC TCTACAGGCC TTCCCGCCGT 3 760 
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FIGURE 7D 



CGCCCCGCTG AATCCTCTCT TGCCCCTCCA GGATGGCACC 
AACACTCATA TTATGGCTAC TGAGGCGTCC AATTATGCTC 
AGTATCGGGT TGTTCGAGCT ACGATCCGTT ATCGCCCGCT 
GGTGCCAAAT GCTGTTGGTG GCTATGCTAT CTCTATTTCT 
TTCTGGCCTC AAACTACAAC CACCCCTACT TCAGTTGACA 
TGAACTCTAT TACCTCCACT GATGTCAGGA TTTTGGTTCA 
GCCCGGTATT GCCTCCGAGT TAGTCATCCC TAGTGAGCGC 
CTTCATTACC GCAATCAAGG CTGGCGCTCT GTAGAGACCA 
CGGGCGTGGC CGAGGAGGAA GCTACCTCCG GTCTGGTAAT 
GCTTTGCATT CACGGTTCTC CTGTTAACTC CTATACTAAC 
ACACCTTACA CTGGTGCATT GGGGCTCCTT GATTTTGCAT 
TAGAGCTTGA ATTCAGAAAT TTGACACCCG GGAACACTAA 
CACCCGTGTT TCCCGGTACA CCAGCACAGC CCGCCATCGG 
CTGCGCCGCG GTGCTGATGG GACCGCAGAG CTTACCACCA 
CAGCAGCCAC ACGTTTCATG AAGGACTTGC ATTTCACCGG 
CACGAACGGC GTTGGTGAGG TGGGTCGCGG TATAGCTCTA 
ACACTGTTTA ACCTTGCTGA TACGCTTCTT GGTGGTTTAC 
CGACAGAATT GATTTCGTCG GCCGGGGGCC AACTGTTTTA 
CTCCCGCCCT GTCGTCTCGG CCAATGGCGA GCCGACGGTT 
AAGTTATATA CATCTGTTGA GAATGCGCAG CAGGACAAGG 
GCATTACCAT CCCACACGAT ATAGATCTGG GTGATTCCCG 
TGTGGTTATT CAGGATTATG ATAACCAGCA CGAGCAAGAC 
CGACCTACTC CGTCACCAGC CCCCTCTCGC CCTTTCTCAG 
TTCTTCGCGC CAATGATGTT CTGTGGCTCT CCCTCACCGC 
CGCTGAGTAC GATCAGACTA CATATGGGTC GTCCACCAAC 
CCTATGTATG TCTCCGATAC GGTCACGCTA GTTAATGTGG 
CCACTGGTGC TCAGGCTGTT GCCCGCTCTC TTGATTGGTC 
TAAAGTCACT CTGGATGGCC GCCCCCTCAC TACCATTCAG 
CAGTATTCAA AGACATTCTA TGTTCTCCCG CTCCGCGGGA 
AGCTGTCCTT TTGGGAGGCT GGTACCACTA AGGCCGGCTA 
CCCGTATAAT TATAATACCA CTGCTAGTGA TCAAATTTTG 
ATTGAGAACG CGGCTGGCCA CCGTGTTGCT ATCTCTACCT 
ATACCACTAG CTTGGGTGCC GGCCCTACCT CGATTTCCGC 
CGTTGGTGTG CTAGCCCCAC ACTCGGCTCT CGCCGTCCTT 
GAGGATACTG TTGATTACCC TGCTCGTGCT CATACTTTTG 
ATGATTTCTG CCCGGAGTGC CGCACCCTTG GTTTGCAGGG 
TTGTGCATTC CAGTCTACTA TTGCTGAGCT TCAGCGTCTT 
AAAATGAAGG TAGGTAAAAC CCGGGAGTCT TAATTAATTC 
CTTTTGTGCC CCCTTCATAG CTTCCTTTGG TTTTATTTCT 
TATTTCT 
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